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1 | INTRODUCTION

Dementia disorders affect about 55 million people worldwide® with
devastating consequences for people living with dementia and their
families. Economic consequences are enormous: the global societal
costs of dementia in 2019 were estimated to be 1.3 trillion US$.? Fore-
casts provide a challenging scenario, with 75 million people projected
to be living with dementia by 2030. The World Health Organization
(WHO) stated in 2012 that dementia is a worldwide priority and has
subsequently been heavily engaged in dementia issues.2~>

About 40% of dementia cases may be potentially preventable by
modifying risk factors.6~8 For example, estimates for the UK suggest
that delaying onset by 3 years would reduce costs by 23%.7 Declining
trends in incidence and prevalence of dementia in some high-income

1011 3150 offer indirect support that prevention may already

countries
be happening through better medical and lifestyle risk-factor manage-
ment, and better education. There is an economic case for addressing

mid-life risk factors for dementia,'?

although impacts on dementia
prevalence will obviously be slow to emerge.

However, results from intervention studies, preferably randomized
controlled trials (RCT), are needed to better understand causality in
epidemiological studies. Because single risk-factor interventions have
often failed to show significant effects, it has been suggested that
multidomain approaches represent the best practice.!3

The Finnish Geriatric Intervention Study to Prevent Cognitive
Impairment and Disability (FINGER) project is the first RCT to show
a statistically significant beneficial effect on cognition of a multido-
main lifestyle intervention program for a target population at risk of
developing cognitive decline.2*

Prevention of cardiovascular risk factors in early life may have

complex effects in later life:1> Reduced morbidity results in lower mor-

Methods: A life-time Markov model with societal perspective, simulating a cohort of
people at risk of dementia reflecting usual care and the FINGER program.

Results: Costs were 1,653,275 and 1,635,346 SEK and quality-adjusted life years
(QALYs) were 8.636 and 8.679 for usual care and the FINGER program, respectively,
resulting in savings of 16,928 SEK (2023 US$) and 0.043 QALY gains per person,
supporting extended dominance for the FINGER program. A total of 1623 dementia
cases were avoided with 0.17 fewer person-years living with dementia. The sensitivity
analysis confirmed the conclusions in most scenarios.

Discussion: The model provides support that programs like FINGER have the potential
to be cost-effective in preventing dementia. Results at the individual level are rather

modest, but the societal benefits can be substantial because of the large potential

cost effectiveness, costs, dementia, FINGER, health economic simulation, prevention

tality, which affects the risk of developing disorders whose prevalence
increases with age.

A hypothetical cost-effectiveness analysis based on the results from
the observational Cardiovascular Risk Factors, Aging and Demen-
tia (CAIDE) study in Finland®® indicated that a primary prevention
program targeting dementia risk factors has the potential to be
cost-effective.l”

One key issue in dementia prevention trials is how to quantify the
effect of the intervention on dementia risk when the duration of the
trial is too short to detect dementia incidence. It is possible to use
dementia risk scores that include modifiable factors (e.g., lifestyle, vas-
cular, or metabolic) that are expected to change during the clinical
trial to estimate the magnitude of intervention effect on dementia inci-
dence. Several dementia risk scores have already been developed, but
very few cover a longer time span to be useful in prevention trials.'8

The period of cognitive impairment, from the first early signs to end
of life with dementia, may last for decades.® An important issue for
decision makers (budget holders, care planners, policy makers) is there-
fore whether prevention programs are cost-effective from a societal
viewpoint in the long run. The aim of the present study is consequently
to explore the potential long-term cost-effectiveness of the FINGER

program.

2 | METHODS

2.1 | The FINGER project

FINGER is a “proof-of-concept” RCT that targeted people aged 60 to
77 years from the general population considered to be at risk (see
below) of cognitive decline. FINGER included a 2-year multidomain
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RESEARCH IN CONTEXT

1. Systematic Review: A scoping review was conducted to
get the inputs needed for the construction of the model,
based on a Finnish-Swedish perspective. These inputs
constituted the intervention effect, the intervention cost,
data on incidence of dementia, disease progression and
mortality, costs of care, unit costs, and outcomes.

2. Interpretation: The model supports the view that pro-
grams like Finnish Geriatric Intervention Study to Prevent
Cognitive Impairment and Disability (FINGER) have the
potential to be cost-effective for preventing dementia.
The results at the individual level are rather modest, but
the societal benefits may be substantial because of the
large potential target population.

3. Future Directions: Better modeling techniques are
needed to integrate the complexity of prevention work,
such as effects on dementia, but also on other (e.g.,
cardiovascular) conditions. Also, inputs are needed from
other countries/regions to improve generalizability.
Future studies as part of the World Wide FINGERS may
provide valuable data for these discussions.

lifestyle intervention consisting of exercise, dietary counselling, cogni-
tive training, and cardiovascular risk-factor control.1* Both groups in
the trial were offered six nurse visits, two physician visits, and three
psychologist visits for recruitment and outcome assessments. The con-
trol group received regular health advice. In addition, the intervention
group was offered: three individual sessions and seven to nine group
sessions with a nutritionist; group activity at a gym with a physiothera-
pist (one to three times per week), and independent and guided aerobic
exercise (two to five times per week); ten group sessions for cognitive
training led by a psychologist, and independent computer-based cog-
nitive training at home or at the study site; and three additional visits
with a study nurse and three additional visits with a study physician for
the management of metabolic and vascular risk factors.

From the FINGER project, basic model inputs were extracted

regarding the intervention effect and the cost of the intervention.

2.2 | Basic model design

A decision-analytic Markov model was developed to simulate 100,000
people at risk of dementia and their progression over their lifetime to
reflect usual care (UC) and the effect of the FINGER program (labelled
as “prevention”). UC reflects the costs and outcomes related to dis-
ease states and disease progression without the added components of
FINGER. Assumptions and inputs for the base case are presented in
Table S1 in supporting information. The model assumes that no effec-

tive disease-modifying drug treatment becomes available. The cohort
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FIGURE 1 The basic structure of the five-state Markov cohort
model, starting with 100,000 persons at risk for dementia. Arrows
indicate transition directions

state-transition model was chosen for its balance between trans-
parency and possibility to reflect the long-term age-specific natural
progression and health-economic outcomes.

Two analytic approaches were applied. In the cost-utility analysis
(CUA), the model simulated care costs and quality-adjusted life years
(QALYs) to estimate the incremental cost-effectiveness ratio (ICER),
incremental net monetary benefits (NMB), and incremental net health
benefits (NHB).1%29 The willingness-to-pay (WTP) threshold was set
at 600,000 SEK (Swedish Krona) per additional QALY, which roughly
reflects an accepted WTP level in Sweden.2122 |n the second approach,
the cost-effectiveness analysis (CEA), we looked at the number of pre-
vented cases of dementia, the number-needed-to-treat (i.e., number
needed to be exposed to the FINGER program) to prevent one case of
dementia, the dementia-free life-years saved, and the life-years saved.

The Markov model has five states (Figure 1, Table S4 in support-
ing information): at risk, mild, moderate, severe dementia, and death.
Programming was done with TreeAge® and MS Excel® software. Start-
ing age for modeling was 70 years to reflect the age at which the
FINGER program was applied. The model simulated until age 100
years in 30 cycles of 1 year with half-cycle correction. Input parame-
ters for mortality, costs, and QALYs were age-specific (see supporting
information).

Because all inputs were not available from Finnish sources, the
model is a mix of contexts from Finland and Sweden, aiming to
represent care of dementia in a “Northern Europe welfare state.”

All future costs in the model were discounted at 3% to reflect
present value,23 and expressed as SEK 2016, where 1€ = 9.47 SEK and
1US$ =8.56 SEK.?4

2.3 | Model inputs

A scoping review was conducted to obtain inputs needed for construc-

tion of the model, which took a Finnish-Swedish perspective. Inputs
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are based on published papers from peer-reviewed journals (including
the FINGER trial) or established registries and databases.

2.3.1 | Risk of dementia

Because the FINGER trial does not have data on conversion to demen-
tia, our model used a combination of a fitted Poisson model based
on incidence rates in EURODEM at ages 70 to 90+2° (see supporting
information).

The CAIDE risk score provides an estimate of dementia risk based
on several risk factors (age, sex, education, systolic blood pressure,
total serum cholesterol, obesity, physical inactivity).2%2” The range is
between 0 and 15 points, of which seven points corresponds to modifi-
able risk factors. A higher score indicates a higher risk of developing
dementia. FINGER participants had a mean CAIDE score of 6 and
higher, indicating a greater risk compared to a CAIDE score between
0 and 5. Therefore, estimates for the usual care group in EURODEM

were multiplied by 2 to reflect a similar population.

2.3.2 | Intervention effect

The intervention effects on the conversion risk to dementia in FINGER
have not yet been analyzed due to the relatively short follow-up period
and small number of dementia cases accumulated so far. Therefore, the
CAIDE risk score was calculated at baseline and at 2 years for both the
control and intervention arm. The relative risk reduction correspond-
ing to this score was calculated in several steps using the CAIDE risk
model’® and was estimated to be 6.44%28 (see supporting informa-
tion). In the base-case option, the intervention effect was assumed to
persist after the end of the 2-year program for the remaining lifetime.

2.3.3 | Disease progression and mortality

To estimate transition probabilities between states, data on disease
progression and mortality were derived from the SveDem registry.2%30
SveDem is a Swedish dementia registry that started in 2007, and now
comprises >100,000 people with any type of dementia who are fol-
lowed annually. Observed transition probabilities were used. Dementia
severity was classified as mild (Mini-Mental State Examination [MMSE]
score 21-30), moderate (MMSE 10-20), or severe (MMSE 0-9).3!
Figure S2 and Tables S4-S5 in supporting information provide details
on dementia disease progression and mortality. All transitions from at
risk to dementia were assumed into mild dementia. A transition directly
to moderate was regarded as unlikely.

Age-specific mortality for at-risk people was assumed to be the
same as for the general population, derived from Statistics Sweden.32
Mortality in mild, moderate, and severe dementia was estimated by
a Cox survival analysis and by applying the hazard ratios to the age-
specific mortality rate from Statistics Sweden from the age of 50 until
death.

234 | Costs

Costs were derived from a cross-sectional Swedish population-based
costing database, describing resource use and costs in terms of cog-
nitive status age. The database reflects a societal perspective and has
been used in several health economic studies.!”-31:33-35 For details,
see comments to Figure S3 and Table Sé in supporting information. To
reflect the inclusion criteria in FINGER for at-risk people,'“ costs in the
costing database were defined as community-living people with MMSE
of 26 or less, but not having mild cognitive impairment (MCI) or demen-
tia. Because cost data were skewed, a log-link generalized linear model
(GLM) with gamma distribution was used to derive costs in relation to
age and level of cognitive impairment.

The net costs of the FINGER program per person were estimated to
be 5490 SEK, based on detailed information on the content and actual
implementation of the multidomain intervention in FINGER, such as
individual and group sessions with various staff categories involved,

lengths of sessions, and so on (see Table S7 in supporting information).

2.35 | QALYs

Health-related quality of life estimates were obtained from two
sources: for the at-risk state, assuming that individuals would be the
same as for a normal Swedish population, age-specific QALYs were
derived.3¢ For the dementia states (mild—moderate-severe) a Swedish
study was used®” (see Table S8 in supporting information). These esti-
mates were based on EQ5D-3L3¢ (Swedish tariff). The association by
age in the normal population was ad hoc assumed to be applicable to
the utilities for the dementia states.

2.4 | Sensitivity analyses
Given the uncertainty in parameters and assumptions, a comprehen-

sive sensitivity analysis was conducted.

2.4.1 | Variation of starting age and model duration
We explored shorter modeling periods (5, 10, and 20 years) and alter-
native starting ages: at 60 years (modeling 40 cycles) and at 50 years

(modeling 50 cycles).

2.4.2 | Variation of risk reduction
The effect of FINGER on the CAIDE score was estimated using an
alternative mixed model method,?® with corresponding relative risk
reduction of 6.09% (instead of 6.44%).

The FINGER effect may have been biased by the Hawthorne effect:
participants in the control group are also aware of risk factors as a
result of being enrolled in a trial.3® Therefore, the mean risk factor
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scores of the FINGER program group at baseline were used instead
of the control group at the end of the follow-up period, resulting in a
relative risk reduction of 11.8%.

Based on the prevention potential as described by Livingston et al.,®
two risk-reduction options were applied: 40% as maximum potential
risk reduction and 12% based on the population attributable fractions
as in the CAIDE score.

The duration and magnitude of the intervention effects are applied
in two options: halved intervention effect (3.22%), and an expanded
intervention effect applied for transitions both from mild to moderate
and from moderate to severe dementia through the modeling period.

Our model only takes the effects on dementia into account. How-
ever, it is plausible to assume that the content of FINGER will also
influence cardiovascular risks. Based on studies on the effects on pre-
vention programs targeting cardiovascular risk,3?-42 a 10% reduction
in mortality in the prevention group in the at-risk and mild states was
assumed.

Instead of an “at-risk” population, an option in which the program is
applied to a lower risk general population was tested (with dementia
risk as in the EURODEM study??).

Also, two high-risk scenarios were examined by applying the inter-
vention to a population with a higher risk: one option with start in
MCI,3143 and another option with a base risk increase by a factor of

four instead of two.

2.4.3 | Alternative epidemiologic input
The US National Alzheimer’s Coordinating Center (NACC) data**
on disease progression and mortality were applied as alternative

estimates for dementia transition probabilities and survival.

244 | Alternative discount rates

Discount rates of 1% and 5% were explored.

2.4.5 | Alternative costing inputs
A narrower economic perspective was explored, with only direct med-
ical and social sector costs included (see comments to Figure S3), and
costs of informal care excluded.

The intervention costs were also varied: +100%, +50%, -25%, and
-50% of the base case.

2.4.6 | Additional intervention program intervals

As the sustainability of the intervention effect (such as life-style
changes) over time is unknown, a scenario was examined in which the
intervention was repeated at year 5 and then every 10th year at for
starting ages of 50, 60, and 70 for those people who remain in the
at-risk state.

THE JOURNAL OF THE ALZHEIMER’S ASSOCIATION

TABLE 1 Outcomes of the cost-utility analysis (initial hypothetical
cohort of 100,000 persons at risk for dementia; base case; costs
expressed in SEK 2016)

Usual care Prevention  Difference
Cost-utility analysis
Costs (SEK)/person 1,653,275 1,636,346 —16,928
Effect/QALYs 8.636 8.679 0.043
Incremental C/E (ICER) <0?
Incremental NMBP 42,728
Incremental NHB 0.071

Abbreviations: ICER, incremental cost-effectiveness ratio; NHB, net health
benefit; NMB, net monetary benefit; QALY, quality-adjusted life year; SEK,
Swedish crowns (krona); UC, usual care; WTP, willingness-to-pay.
2Extended dominance for the prevention strategy.

b Assumption: WTP is 600,000 SEK/QALY.

247 | Alternative WTP levels

We considered 200,000 400,000 and 1,000,000 SEK per gained QALY.

3 | RESULTS

3.1 | Base case

In the base case of the cost-utility analysis, the prevention program
supported extended dominance: there were both cost savings and
gains in QALYs compared to UC (Table 1). The threshold for cost
neutrality was at an intervention cost of 22,418 SEK.

The mean survival time was about 15 years in both groups (Table 2).
The intervention prevented 1623 cases of dementia (out of an initial
simulation cohort of 100,000 people) during the simulated period of
30 years. The cumulative risk of developing dementia was 46.3% in the
UC group and 44.7% in the prevention group (and the cumulative death
risk was almost 100%). There were 12.4 dementia-free years in UC
and 12.6 in the prevention group. The number of aggregated prevented
cases peaked just before 20 years (Figure 2), where the number needed
totreat was 55. After 20 years, greater survival in the prevention group
resulted in a larger population at risk of developing dementia, causing

somewhat more dementia cases in that group.

3.2 | Sensitivity analysis

In the sensitivity analysis (Table 3), most alternatives supported cost-
effectiveness by reference to the assumed WTP, and most options also
confirmed the extended dominance of the FINGER program. Model
length is crucial, and 5 years is too short to result in relevant inter-
vention effects on dementia incidence in terms of cost-effectiveness.
When the Hawthorne effect was considered, cost savings were about
double those found with the base case. A reduction in mortality by

10% in the prevention group resulted in higher costs due to increased
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TABLE 2 Outcomes of the cost-effectiveness analysis (initial hypothetical cohort of 100,000 persons at risk for dementia)

Cost effectiveness analysis

Aggregated outcomes

Incident cases of dementia after 30 years
Incident cases of dementia after 20 years
Incident cases of dementia after 10 years
Deaths after 30 years

Mean outcomes per person after 30 years
Person years alive

Person years without dementia

Person years with dementia

Person years in mild dementia

Person years in moderate dementia

Person years in severe dementia

Number needed to treat

To prevent one case of dementia after 10 years
To prevent one case of dementia after 20 years
To prevent one case of dementia after 30 years

To prevent one case of death after 30 years

2000
1800
1600
1400
1200

1000

Avoided cases

800

600

400

200

0 5 10 15 20 25 30
Years

FIGURE 2 Cumulative number of avoided cases during the
simulated period of 30 years (initial cohort of 100,000 persons at risk
for dementia)

survival, but also greater benefits in terms of QALYs compared to
other options. When the program was run on people at greater risk of
developing dementia (such as MCI), the cost-effectiveness finding was
strengthened per case. When the intervention effect was on a magni-
tude suggested by Livingston et al.,® cost-effectiveness was reinforced.
Repeating the intervention program at various intervals resulted in

higher incremental costs.

WIMO ET AL.
Usual care Prevention Difference
46,297 44,674 -1623
40,785 38,966 -1819
16,137 15,179 —-957
99,727 99,699 -28
15.13 15.18 0.05
12.37 12.55 0.17
276 2.63 -0.12
1.57 1.50 -0.06
1.03 0.97 -0.05
0.17 0.16 -0.01
104
55
62
3619

The impact of direct costs is greater than of informal care. Aging
and disease progression with associated institutionalization results in
alower impact of informal care as the model runs.

The number of dementia cases due to the intervention (Table 4) var-
ied between 1068 additional cases (cardiovascular risk reduction) and
12,055 avoided cases (40% risk reduction).®

4 | DISCUSSION

Based on the simulation described in this paper, FINGER has the poten-
tial to be a cost-effective program for preventing or reducing the risk
of dementia. Several uncertainties were tested in the sensitivity analy-
ses, and most scenarios resulted in dominance of the FINGER program
over UC (i.e., lower costs and better outcomes). However, although sup-
porting cost-effectiveness, the results at the individual level are rather
modest, about 17,000 SEK/person (22000 US$) or about 600 SEK (~70
US$) per person and year and relatively small QALY gain of about 0.04
per person. There are several reasons for this finding.

First, while FINGER participants were “at risk,” the absolute risk of
developing dementia is still relatively low, and thus the potential bene-
fits at the individual level are relatively small as well. Nevertheless, the
potential target population for a program with similar risk profiles is
likely to be large,*” indicating that the societal benefits may be substan-
tial if FINGER is implemented at large scale. In prevention work, there
are often trade-offs between, on the one hand, low-cost programs tar-
geting large groups with rather small intervention effects, and on the

other, expensive programs targeting small high-risk groups with large
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TABLE 3 Results of the one-way sensitivity analyses of the cost-utility analysis (SEK 2016)

Incremental Incremental
costs QALYs ICER NMB? NHB?

Base case —16,928 0.043 <0 42,728 0.071
1. Variation of start-age and model duration
Model length 5 years 3290 0.002 2,122,623 —2,090 —-0.003
Model length 10 years —-3692 0.008 <0 8,492 0.014
Model length 20 years —18,105 0.033 <0 37,905 0.063
Start-age 60, 40 cycles —16,402 0.040 <0 40,402 0.067
Start-age 50, 50 cycles -12,913 0.033 <0 20,160 0.034
2. Variation of risk reduction
6.09% risk reduction (alternative method)?® —15,693 0.041 <0 56,693 0.057
11.8% risk reduction (Hawthorne effect) —36,083 0.080 <0 84,083 0.14
40% risk reduction (Livingston et al.8) —145,236 0.293 <0 321,036 0.54
12% risk reduction (Livingston et al.8) —36,806 0.082 <0 86,006 0.14
3.22% risk reduction -5640 0.021 <0 8,240 0.030
Effect in mild and moderate states —-10,434 0.060 <0 46,434 0.077
Cardiovascular effect: a 10% reduction in 99,524 0.30 332,671 80,476 0.13

mortality in the model states of at-risk and

mild dementia
Low risk: general population —8722 0.028 <0 25,522 0.043
High risk: start in MCI —46,072 0.093 <0 101,872 0.17
Base risk 4x instead of 2x —25,978 0.058 <0 60,778 0.10
3. Alternative epidemiologic input
NACC data progression & mortality —8629 0.047 <0 36,829 0.061
4. Alternative discount rates
Discount rate 1% —22,041 0.059 <0 57,441 0.096
Discount rate 5% —12,884 0.032 <0 32,084 0.053
5. Alternative costing inputs
Analyze only direct costs —-16,223 0.043 <0 42,033 0.070
Intervention cost +100% —-11,438 0.043 <0 37,238 0.062
Intervention cost +50% —14,183 0.043 <0 39,983 0.067
Intervention cost -25% —18,300 0.043 <0 44,100 0.074
Intervention cost -50%% —19,673 0.043 <0 45,473 0.076
6. Alternative intervention program intervals
Repeat intervention at 5, 15, and 25 years -11,509 0.043 <0 37,309 0.062
Start age 60 + Repeat intervention at 5, 15, —8367 0.040 <0 32,167 0.054

25, and 35 years
Start age 50 + repeat intervention at 5, 15, —-2516 0.033 <0 22,316 0.037

25, 35,and 45 years
7. Alternative WTP levels
WTP 200,000 —16,928 0.043 <0 25,528 0.13
WTP 400,000 —16,928 0.043 <0 34,128 0.085
WTP 1,000,000 —16,928 0.043 <0 59,928 0.060

Abbreviations: ICER, incremental cost-effectiveness ratio; NACC, National Alzheimer’s Coordinating Center; NHB, net health benefit; NMB, net monetary
benefit; QALY, quality-adjusted life year; SEK, Swedish crowns (krona); UC, usual care; WTP, willingness-to-pay.

aBased on a WTP of 600,000 SEK/QALY (except for the last three lines).

PICER < Oiindicates extended dominance for the intervention (both cost saving and QALY gain).
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TABLE 4 Results of the one-way sensitivity analysis of the
outcomes in the cost-effectiveness analysis

NNT to Saved PYs
Prevented prevent 1case without
cases of dementia dementia

Base case 1623 62 0.17
Start age 60 1583 63 0.20
Start age 50 1562 64 0.21
Model length 10 years 957 104 0.04
Model length 20 years 1819 55 0.14
11.8% risk reduction 3053 88 0.32

(Hawthorne effect)
40% risk reduction® 12,055 8 1.20
12% risk reduction® 3108 32 0.33
3.22% risk reduction 799 125 0.09
Base risk 4x instead of 1522 66 0.22

2x
Cardiovascular effect: —1068 Na? 0.48

10% mortality

reduction in at risk

and mild dementia
Low risk: general 1379 73 0.12

population
High risk: start in MCI 1937 41 0.32

Abbreviation: MCI, mild cognitive impairment; NNT, number needed to
treat; PY, person year.
2No reduction in dementia cases.

individual effects. This is the familiar “prevention paradox” suggested
by Rose.*¢ The cost-effectiveness appears to be better with an MCI
population than with the “at-risk population” (see sensitivity analysis),
but we know little about lifestyle prevention in people with MCI. Thus,
the FINGER trial and our findings here can be used to discuss the iden-
tification of target risk groups for prevention.*” Furthermore, because
the target population is also much greater for those “at risk” than for
MCI, the aggregated societal benefits are larger for “at risk.”

Second, lifestyle and cardiovascular treatment programs are
already well-implemented in Finland, Sweden, and several other high-
income countries. The control group in the FINGER study received
regular measurements and feedback on their vascular risk-factors dur-
ing the trial. By controlling for the Hawthorne effect, we compensated
for that in the sensitivity analysis.

Third, the model did not reach the magnitude of the potential
prevention effect that has been suggested.® However, our results
reflect the potential of a real-world prevention program rather than
hypothesized effects.

5 | LIMITATIONS

Any model in this area aims to reflect the biological and socioe-

conomic pathway and progression of a disorder. However, to

do so, simplifications and assumptions are needed, causing
limitations.

First, the most important limitation was the use of an indirect
method to estimate the risk of conversion from “at risk” to dementia
(i.e., the CAIDE score), given the assumption on causality in reduc-
ing dementia incidence. Conversion to dementia was not a primary
outcome in FINGER. Longer-term follow-up data are expected, which
could provide empirical evidence on the risk of conversion to dementia.
The magnitude of the effect is also likely to be an underestimate given
that it is based on the CAIDE score that does not include several other
important risk factors such as diet, smoking, diabetes, depression, and
cognitive activity. However, reality is not as simple as in a risk equa-
tion, so “real-world” data of conversion would catch the complexity of
risks much better, particularly in combination with a rather long time
horizon as in our model.

Second, the model duration was 30 to 50 years. By using such a long
simulation period, the estimates for costs and outcomes later in the
period may be incorrect.

Third, the incidence data are not recent. There are relatively strong
recent indications of a lowering in age-specific incidence of dementia,
at least in some population subgroups such as highly educated people
in high-income countries. 1011

Fourth, several components in the FINGER program are similar
to cardiovascular prevention programs that can be expected to have
an impact on cardiovascular morbidity and mortality. The base case
in our model did not take such effects into consideration. However,
because it is expected that the FINGER program has the potential
also to affect cardiovascular risks, and it has reduced the incidence
of chronic diseases,*® we included a hypothetical alternative in the
sensitivity analysis with a 10% reduction in mortality. In this analysis,
there were obviously stronger effects on survival, resulting in more
persons with dementia, and thereby increased costs due to a prolonged
survival compared to the base case—the “prevention paradox”—and
better outcomes in terms of gained QALYs. Thus, the results of the
simulation in the base case can be regarded as the added value of
dementia prevention to public health programs focusing on cardiovas-
cular risk. However, this option did not take into account the poten-
tial of reduced cost of cardiovascular disorders, only a reduction in
mortality.

Fifth, with many input sources, the impact on missing data may be
substantial. However, for the most important input, the FINGER trial,
the level of drop-outs was low (12%) and missing data was 2%.1* The
management of missing data in SveDem has been discussed in a specific
paper.3°

Although for each limitation one could predict the direction
of possible bias, it is difficult to predict the combined effects on
the findings. Therefore, we argue for improved empirical esti-
mates and more detailed uncertainty analyses. We took into
account not only parameter uncertainties but also the model’s
structural uncertainties such as the impact of cardiovascular
effects. Alternative modeling approaches may be explored, such
as general health models in which multimorbidity conditions are

examined.*?>0



Alzheimer’s & Dementia® K

WIMO ET AL.
THE JOURNAL OF THE ALZHEIMER’S ASSOCIATION
6 | CONCLUSIONS REFERENCES
1. WHO. Global Status Report on the Public Health Response to Dementia. In:

The model suggests that programs like FINGER have the potential to
be cost-effective for preventing dementia. The results at the individ-
ual level are rather modest, but the societal benefits may be substantial
because the potential target population is large. Better modeling tech-
niques are needed to integrate the complexity of prevention work,
such as effects on dementia, but also on other (e.g., cardiovascular)

conditions.

ACKNOWLEDGMENTS

The work was conducted as part of the EU Joint Programme -
Neurodegenerative Disease Research (JPND) projects MIND-AD and
EURO-FINGERS. The project is additionally supported by Alzheimer-
fonden, Center for Innovative Medicine (CIMED) at Karolinska Insti-
tutet South Campus, the Konung Gustaf V:s och Drottning Victorias
Frimurarestiftelse, Region Stockholm (ALF, NSV), Stiftelsen Stock-
holms sjukhem, Swedish Research Council for Health Working Life
and Welfare (FORTE), and European Research Council grant 804371,
Academy of Finland (grants 317465, 287490, 294061, 319318),
Finnish Social Insurance Institution, Finnish Ministry of Education and
Culture, Juho Vainio Foundation, Finland, Alzheimer’s Research and
Prevention Foundation, US. The authors are grateful to the FINGER
study team and participants. The authors are grateful to the Swedish
Dementia Registry (SveDem, www.svedem.se) for providing data for
this study. We thank all patients, caregivers, reporting units, and coor-
dinators in SveDem as well as SveDem steering committee members.
SveDem is supported financially by the Swedish Associations of Local

Authorities and Regions.

CONFLICTS OF INTEREST

AW. paid to institution: EU project JPND: MIND-AD, RH paid to
institution: MIND-AD (EU JPND grant 2017-2018). R.A. paid to insti-
tution: Data collected at the study site (material and salaries for
FINGER study) was supported by state (Finland) research funding.
M.E. paid to institution: Funding from Swedish Associations of Local
authorities and regions. A.S. paid to institution: Research grants from
Academy of Finland, European. T.N. paid to institution: Grants from
JPND (EURO-FINGERS), and Juho Vainio Foundation, Finland. M.K.
paid to institution: EU Joint Programme - Neurodegenerative Disease
Research (JPND), Alzheimerfonden, Center for Innovative Medicine
(CIMED) at Karolinska Institutet South Campus, The Konung Gustaf
V:s och Drottning Victorias Frimurarestiftelse, Region Stockholm, Stif-
telsen Stockholms sjukhem, Swedish Research Council for Health
Working Life and Welfare (FORTE), Swedish Research Council for
Health Working Life and Welfare (FORTE), and European Research
Council grant 804371, The Swedish Associations of Local Authorities
and Regions, Swedish Government (Swedish Ministry of Health and
Social Affairs). L.J.,, M.K,, J K, T.L., J.L., M.P, AS., H.S., T.S., and JT. have
nothing to declare. Author disclosures are available in the supporting

information.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

WHO, editor. Geneva; WHO; 2021.

. WHO. Dementia: A Public Health Priority. Geneva: WHO; 2012.
. WHO. Seventieth World Health Assembly Update, 29 May 2017. In:

WHO, editor. WHO; 2017.

. WHO. Risk Reduction of Cognitive Decline and Dementia: WHO Guide-

lines. In: WHO, editor. Geneva: WHO; 2019.

. WHO. Development of the Global Dementia Observatory. Geneva: WHO;

2021.

. Winblad B, Amouyel P, Andrieu S, et al. Defeating Alzheimer’s dis-

ease and other dementias: a priority for European science and society.
Lancet Neurol. 2016;15:455-532.

. Mangialasche F, Kivipelto M, Solomon A, Fratiglioni L. Dementia pre-

vention: current epidemiological evidence and future perspective.
Alzheimers Res Ther. 2013;4:6.

. Livingston G, Huntley J, Sommerlad A, et al. Dementia prevention,

intervention, and care: 2020 report of the Lancet Commission. Lancet.
2020;396:413-446.

. Knapp M, Comas-Herrera A, Wittenberg R, et al. Scenarios of Dementia

Care: What are the Impacts on Cost and Quality of Life? In: PSSRU, edi-
tor. London: Personal Social Services Research Unit, London School of
Economics and Political Science; 2014.

Chibnik LB, Wolters FJ, Backman K, et al. Trends in the incidence of
dementia: design and methods in the Alzheimer Cohorts Consortium.
Eur J Epidemiol. 2017;32:931-938.

Wau YT, Beiser AS, Breteler MMB, et al. The changing prevalence and
incidence of dementia over time - current evidence. Nat Rev Neurol.
2017;13:327-339.

Mukadam N, Anderson R, Knapp M, et al. Effective interventions
for potentially modifiable risk factors for late-onset dementia: a
costs and cost-effectiveness modelling study. Lancet Healthy Longevity.
2020:e13-e20.

Kivipelto M, Solomon A, Ahtiluoto S, et al. The Finnish Geriatric
Intervention Study to Prevent Cognitive Impairment and Disability
(FINGER): study design and progress. Alzheimers Dement. 2013;9:657-
665.

Ngandu T, Lehtisalo J, Solomon A, et al. A 2 year multidomain interven-
tion of diet, exercise, cognitive training, and vascular risk monitoring
versus control to prevent cognitive decline in at-risk elderly people
(FINGER): arandomised controlled trial. Lancet. 2015;385:2256-2263.
Handels R, Wimo A. Challenges and recommendations for the health-
economic evaluation of primary prevention programmes for dementia.
Aging Ment Health. 2017:1-7.

Kivipelto M, Ngandu T, Laatikainen T, Winblad B, Soininen H,
Tuomilehto J. Risk score for the prediction of dementia risk in 20 years
among middle aged people: a longitudinal, population-based study.
Lancet Neurol. 2006;5:735-741.

Zhang Y, Kivipelto M, Solomon A, Wimo A. Cost-effectiveness
of a health intervention program with risk reductions for getting
demented: results of a Markov model in a Swedish/Finnish setting. J
Alzheimers Dis. 2011;26:735-744.

Solomon A, Soininen H. Dementia: risk prediction models in dementia
prevention. Nat Rev Neurol. 2015;11:375-377.

Whyte S, Dixon S, Faria R, et al. Estimating the cost-effectiveness
of implementation: is sufficient evidence available? Value Health.
2016;19:138-144.

Drummond MF, O'Brien B, Stoddart GL, Torrance GW. Methods for
the Economic Evaluation of Health Care Programmes. Oxford University
Press; 1997.

Svensson M, Nilsson F. TLV:s betalningsvilja for nya lakemedel har
analyserats - Kostnadseffektivitet och sjukdomens svarighetsgrad


http://www.svedem.se

w0 | Alzheimer’s &Dementiar

22.

23.

24,

25.
26.

27.
28.

29.

30.
31

32.

33.

34.
35.
36.

37.

WIMO ET AL.

THE JOURNAL OF THE ALZHEIMER’S ASSOCIATION

avgorande for subvention - cancerlakemedel far kosta mer. Lakartid-
ningen. 2016;113:DX44.

TLV. Tillagg till uppdrag angaende forberedande atgarder med anled-
ning av omregleringen av apoteksmarknaden (in Swedish). Stockholm
2009.

Basu A, Ganiats TG. Discounting in cost-effectiveness analysis. In:
Neumann PJ, Ganiats TG, Russel LB, Sanders GD, Siegel JE, eds. Cost-
Effectiveness in Health and Medicine. 2nd ed. Oxford Scholarship Online;
2016.

SverigesRiksbank. Annual average exchange rates.
www.riksbank.se/en-gb/statistics/search-interest--exchange-
rates/annual-average-exchange-rates/. Accessed March 19,2018.
Launer LJ, Andersen K, Dewey ME, et al. Rates and risk factors for
dementia and Alzheimer’s disease: results from EURODEM pooled
analyses. EURODEM Incidence Research Group and Work Groups.
European Studies of Dementia. Neurology. 1999;52:78-84.

Coley N, Hoevenaar-Blom MP, van Dalen JW, et al. Dementia risk
scores as surrogate outcomes for lifestyle-based multidomain preven-
tion trials-rationale, preliminary evidence and challenges. Alzheimers
Dement. 2020;16:1674-1685.

Anstey KJ, Zheng L, Peters R, et al. Dementia risk scores and their
role in the implementation of risk reduction guidelines. Front Neurol.
2021;12:765454.

Solomon A, Handels R, Wimo A, et al. Effect of a multidomain
lifestyle intervention on estimated dementia risk. J Alzheimers Dis.
2021;82:1461-1466.

Religa D, Fereshtehnejad SM, Cermakova P, et al. SveDem, the
Swedish Dementia Registry - a tool for improving the quality of diag-
nostics, treatment and care of dementia patients in clinical practice.
PLoS One. 2015;10:e0116538.

Handels R, Jonsson L, Garcia-Ptacek S, Eriksdotter M, Wimo A.
Controlling for selective drop-out in longitudinal dementia data: appli-
cation to the SveDem registry. Alzheimer Dement. 2020:16(5):789-796.
Wimo A, Handels R, Winblad B, et al. Quantifying and describing
the natural history and costs of Alzheimer’s disease and effects of
hypothetical interventions. J Alzheimers Dis. 2020;75:891-902.
StatisticsSweden. Mortality rate per 1000 of the mean population
by age and sex. Year 2000-2016. http://www.statistikdatabasen.scb.
se/pxweb/en/ssd/START__BE__BE0101__BE0101l/Dodstal/?rxid=
f45f90b6-7345-4877-ba25-9b43e6c6e299. Accessed March 19,
2018.

Skoldunger A, Johnell K, Winblad B, Wimo A. Mortality and treat-
ment costs have a great impact on the cost-effectiveness of disease
modifying treatment in Alzheimer’s disease - a simulation study. Curr
Alzheimer Res. 2013;10:207-216.

Skoldunger A, Wimo A, Johnell K. Net costs of dementia in Sweden -
an incidence based 10 year simulation study. Int J Geriatr Psychiatry.
2012;27:1112-1117.

Wimo A, Jonsson L, Fratiglioni L, et al. The societal costs of dementia
in Sweden 2012 - relevance and methodological challenges in valuing
informal care. Alzheimers Res Ther. 2016;8:59.

Burstrom K, Johannesson M, Diderichsen F. Swedish population
health-related quality of life results using the EQ-5D. Qual Life Res.
2001;10:621-635.

Mesterton J, Wimo A, By A, Langworth S, Winblad B, Jonsson L. Cross
sectional observational study on the societal costs of Alzheimer’s
disease. Curr Alzheimer Res. 2010,7:358-367.

https://

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Davis JC, Bryan S, Marra CA, Hsiung GY, Liu-Ambrose T. Challenges
with cost-utility analyses of behavioural interventions among older
adults at risk for dementia. Br J Sports Med. 2015;49:1343-1347.
Luepker RV, Rastam L, Hannan PJ, et al. Community education for car-
diovascular disease prevention. Morbidity and mortality results from
the Minnesota Heart Health Program. Am J Epidemiol. 1996;144:351-
362.

Leong DP, Joseph PG, McKee M, et al. Reducing the global bur-
den of cardiovascular disease, part 2: prevention and treatment of
cardiovascular disease. Circ Res. 2017;121:695-710.

WHO. Global health risks. Mortality and Burden of Disease Attributable to
Selected Major Risks. In: WHO, editor. Geneva: WHO; 2009.

Jousilahti P, Laatikainen T, Peltonen M, et al. Primary prevention and
risk factor reduction in coronary heart disease mortality among work-
ing aged men and women in eastern Finland over 40 years: population
based observational study. BMJ. 2016;352:i721.

Bruscoli M, Lovestone S. Is MCl really just early dementia? A system-
atic review of conversion studies. Int Psychogeriatr. 2004;16:129-140.
Spackman DE, Kadiyala S, Neumann PJ, Veenstra DL, Sullivan SD. Mea-
suring Alzheimer disease progression with transition probabilities:
estimates from NACC-UDS. Curr Alzheimer Res. 2012;9:1050-1058.
Ngandu T, Lehtisalo J, Levalahti E, et al. Recruitment and baseline
characteristics of participants in the Finnish Geriatric Intervention
Study to Prevent Cognitive Impairment and Disability (FINGER)-a
randomized controlled lifestyle trial. Int J Environ Res Public Health.
2014;11:9345-9360.

Rose G. Sick individuals and sick populations. Int J Epidemiol.
1985;14:32-38.

Kivipelto M, Mangialasche F, Ngandu T. Lifestyle interventions to pre-
vent cognitive impairment, dementia and Alzheimer disease. Nat Rev
Neurol. 2018;14:653-666.

Marengoni A, Rizzuto D, Fratiglioni L, et al. The effect of a 2-year
intervention consisting of diet, physical exercise, cognitive training,
and monitoring of vascular risk on chronic morbidity-the FINGER
randomized controlled trial. J Am Med Dir Assoc. 2018;19:355-360.

Lin PJ, Yang Z, Fillit HM, Cohen JT, Neumann PJ, Unintended benefits:
the potential economic impact of addressing risk factors to prevent
Alzheimer’s disease. Health Aff (Millwood). 2014;33:547-554.

Kingston A, Robinson L, Booth H, Knapp M, Jagger C, project M. Pro-
jections of multi-morbidity in the older population in England to 2035:
estimates from the Population Ageing and Care Simulation (PACSim)
model. Age Ageing. 2018;47:374-380.

SUPPORTING INFORMATION

Additional supporting information can be found online in the Support-

ing

Information section at the end of this article.

How to cite this article: Wimo A, Handels R, Antikainen R,
et al. Dementia prevention: The potential long-term
cost-effectiveness of the FINGER prevention program.
Alzheimer’s Dement. 2022;1-10.
https://doi.org/10.1002/alz.12698


https://www.riksbank.se/en-gb/statistics/search-interest--exchange-rates/annual-average-exchange-rates/
https://www.riksbank.se/en-gb/statistics/search-interest--exchange-rates/annual-average-exchange-rates/
https://www.riksbank.se/en-gb/statistics/search-interest--exchange-rates/annual-average-exchange-rates/
http://www.statistikdatabasen.scb.se/pxweb/en/ssd/START__BE__BE0101__BE0101I/Dodstal/?rxid=f45f90b6-7345-4877-ba25-9b43e6c6e299
http://www.statistikdatabasen.scb.se/pxweb/en/ssd/START__BE__BE0101__BE0101I/Dodstal/?rxid=f45f90b6-7345-4877-ba25-9b43e6c6e299
http://www.statistikdatabasen.scb.se/pxweb/en/ssd/START__BE__BE0101__BE0101I/Dodstal/?rxid=f45f90b6-7345-4877-ba25-9b43e6c6e299
https://doi.org/10.1002/alz.12698

	Dementia prevention: The potential long-term cost-effectiveness of the FINGER prevention program
	Abstract
	1 | INTRODUCTION
	2 | METHODS
	2.1 | The FINGER project
	2.2 | Basic model design
	2.3 | Model inputs
	2.3.1 | Risk of dementia
	2.3.2 | Intervention effect
	2.3.3 | Disease progression and mortality
	2.3.4 | Costs
	2.3.5 | QALYs

	2.4 | Sensitivity analyses
	2.4.1 | Variation of starting age and model duration
	2.4.2 | Variation of risk reduction
	2.4.3 | Alternative epidemiologic input
	2.4.4 | Alternative discount rates
	2.4.5 | Alternative costing inputs
	2.4.6 | Additional intervention program intervals
	2.4.7 | Alternative WTP levels


	3 | RESULTS
	3.1 | Base case
	3.2 | Sensitivity analysis

	4 | DISCUSSION
	5 | LIMITATIONS
	6 | CONCLUSIONS
	ACKNOWLEDGMENTS
	CONFLICTS OF INTEREST
	REFERENCES
	SUPPORTING INFORMATION


