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ABSTRACT. Objective: This study aims to estimate the cost-effectiveness of combined physical and cogni-
tive programs designed to prevent community-dwelling healthy young-old adults from developing dementia. 
Methods: The analysis was conducted from a public healthcare and long-term care payer’s perspective. 
 Quality-adjusted life years (QALYs) and expenses for health services and long-term care services were 
described in terms of effectiveness and cost, respectively. A thousand community-dwelling healthy adults 
aged 65 years were generated through simulation and analyzed. The incremental cost-effectiveness ratio 
(ICER) of adults with preventive program intervention compared to those with nonintervention was simu-
lated with a 10-year cycle Markov model. The data sources for the parameters to build the Markov models 
were selected with priority given to higher levels of evidence. The threshold for assessing cost-effectiveness 
was set as less than 5,000,000 Japanese yen/QALY. Results: The ICER was estimated as −5,740,083 Japanese 
yen (US$−57,400)/QALY. Conclusion: A program targeting community-dwelling healthy young-old adults 
could be cost- effective.
Key words: Cost-effectiveness analysis, Prevention, Dementia, Combined physical and cognitive exercises, Older 

adults
(Phys Ther Res 25: 56–67, 2022)

The rapid aging of populations is being seen in many parts 
of the world1). The same trend is also seen in Japan, where in 
2018, the population aged 65 years and older was 35.89 mil-
lion, making up 28.4% of the total population2). Aging 
induces an increase in the number of frail older adults and 
the cost of their healthcare and long-term care3).

One of the typical and problematic diseases related to 
aging is dementia, which not only induces deterioration of 

health but also increases the cost of medical and long-term 
care and makes it difficult to sustain the health and long-term 
care systems of Japan4,5); Japanese society’s total costs from 
dementia have been estimated to reach 24.3 trillion Japanese 
yen by 2060. Therefore, there has been a call for the intro-
duction of preventive programs to avoid the risk of cognitive 
decline and dementia6).

It has been suggested that people who experience 
multiple-domain mild cognitive impairment (MCI) have a 
high risk of developing dementia7). MCI has been indicated to 
be highly reversible to a healthy state if the appropriate inter-
vention is received as early as possible7–9). Exercise has been 
suggested as an effective intervention to prevent dementia8,9), 
and combined physical and cognitive programs10,11) have 
been suggested to be especially effective if introduced early, 
when young-old adults are in a healthy or MCI state before 
developing dementia7).
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To achieve dementia-free communities7), introducing a 
sufficiently cost-effective public health program might be 
beneficial to society. A Markov model has been suggested to 
be useful for health-economic analyses because, for exam-
ple, it can incorporate risks that are continuous over time12). 
Indeed, it has been applied to health-economic analyses for 
health-related preventive services in international cases13) and 
in Japan14). In the same way, a health-economic evaluation of 
primary prevention programs for dementia has also been  
recommended15). Although there has been a study of health- 
economic analysis for pharmacological interventions for peo-
ple who have already developed dementia16), to our knowledge, 
no studies have applied health-economic analysis to primary 
prevention programs for dementia using a Markov model.

Understanding the value of the cost-effectiveness of a 
prevention program might aid in making a decision on intro-
ducing it into the community.

This study therefore aims to estimate to what extent 
combined physical and cognitive programs designed to pre-
vent community-dwelling healthy young-old adults from 
developing dementia would be cost-effective using a Mar-
kov modeling analysis.

Methods

The analysis was conducted from a public healthcare 
and long-term care payer’s perspective17). Quality-adjusted 
life years (QALYs) were described in terms of effectiveness, 
and expenses in terms of cost, for health services and long-
term care services. The target population was Japanese 
 community-dwelling healthy young-old adults; the subjects 
were aged 65 years. The data sources for the parameters to 
build the Markov models17) were selected with priority given 
to those with higher levels of evidence, such as systematic 
reviews, and those developed in Japan, as recommended 
elsewhere17).

The analysis was conducted with TreeAge Pro Health-
care version 2021 R1.1 (TreeAge Software, Williamstown, 
MA, USA). This study was approved by the Ethics 
 Committee of the Tokyo Professional University of Health 
Science (TPU-20-002). The sources of the parameters are 
shown in Table 17,17–26).

The group assumed not to receive the preventive exer-
cise program was defined as the nonintervention group 
(NIG); the others who participated in the program were 
defined as the intervention group (IG). The incremental 
cost-effectiveness ratio (ICER) of the IG to the NIG was 
analyzed using a 10-year Markov model. One year was set 
as one cycle. The threshold for assessing cost-effectiveness 
was set as less than 5,000,000 yen/QALY27). Additionally, 
the incremental net monetary benefit (INMB)28) was calcu-
lated by equating 1 QALY to 5,000,000 yen to consider the 
cost- effectiveness of the preventive exercise program from a 
restricted societal perspective17). The INMB was used to 
consider the 10-year productivity loss when the subjects did 

not receive the intervention. In this study, 100 yen was con-
sidered equal to 1 United States dollar (US$) to understand 
the results from an international perspective.

Structure of the Markov models
Two 10-year cycle Markov models for NIG (Fig. 1A) 

and IG (Fig. 1B) were built. One thousand healthy 
 community-dwelling adults aged 65 years in the first year of 
the simulation were selected for the analysis.

The six transition states indicated in a previous study20) 
to categorize people with predementia, MCI, or dementia 
were applied. The NIG (Fig. 1A) had the states (a) well, 
(b) mild level of dementia, (c) middle level of dementia, 
(d) severe level of dementia, (e) dead with dementia, and 
(f) dead without developing dementia. Similarly, seven tran-
sition states for the IG (Fig. 1B) were defined by adding the 
MCI state to those of the NIG.

The states of death were set as the endpoints of the 
models. Those who were in a state of dementia were assumed 
to receive medical treatment. The severity of dementia was 
classified into each care needs level of the  Japanese long-
term care system29) by a physical therapist who was certified 
to give a specialist opinion on care needs level; this method, 
asking for a specialist opinion for the classification, follows 
a previous cost-effectiveness study for dementia conducted 
in Japan16). Those who were in the state of a mild level of 
dementia were assumed to be in support levels 1 or 2, or care 
need level 1. They were assumed to receive preventive day 
service for dementia or day service for dementia, and preven-
tive short stay for dementia or short stay for dementia from 
the long-term care system. Those who were in the middle 
level of dementia were assumed to be in care need levels 2 
or 3. They were assumed to receive day service for dementia 
and short stay for dementia. Those who were in the state of 
severe dementia were assumed to be in care need levels 4 
or 5. They were assumed to stay in community -based facili-
ties. The possibility of reversion from the MCI state to the 
well state was only present in the IG, while reversion after 
dementia was not considered possible. QALY and costs were 
calculated with a half-cycle correction13) and translated to the 
current value with a 2% per year discount rate17).

The individuals in the IG were assumed to receive 
screening for MCI and dementia once a year, and the pro-
gram with combined physical and cognitive exercises 
involved a 90-minute weekly session focused on physical 
and cognitive activities, which was conducted 40 times in 
the first year (details are reported elsewhere11)). Based on a 
previous study11), 15 individuals were assumed to participate 
in each session conducted by 2 geriatric physical therapists 
and 5 instructors in public halls. As a note, the number of 
participants in each session for this study was smaller than 
that of the previous study (15 individuals vs. 16–32 individ-
uals). This was because the space of public halls for the 
intervention in this study was assumed to be narrower than 
that of the fitness facilities in the previous study. From the 
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(Continued)

Table 1. Parameters related to the transition probability, effectiveness, costs, and discount rate

Parameter Subgroup Unit Basic 
value

Range  
(lowest − highest)

Type of 
range Distribution Source

Transition probabilities and effectiveness

Transition prob-
ability from 
state of well to 
dementia

65−69 
years old

%/year 2.18 1.44 14.91 95%CI Triangular Ninomiya  
(2015)18)

70−74 
years old

%/year 4.84 95%CI Triangular Ninomiya  
(2015)18)

75− years 
old

%/year 10.75 95%CI Triangular Ninomiya  
(2015)18)

Transition 
probability 
from MCI to 
dementia

%/year 3.93 1.14 5.90 95%CI Triangular Shimada (2017)7)

Probability of 
severity in 
dementia

Mild % 38.50 30.80 46.20 ±20% Dirichlet Asada (2013)19)

Moderate % 24.10 19.28 28.92 ±20% Dirichlet Asada (2013)19)

Severe % 37.40 29.92 44.88 ±20% Dirichlet Asada (2013)19)

Transition prob-
ability from 
MCI to well

%/year 10.98 5.69 19.02 95%CI Triangular Shimada (2017)7)

Transition prob-
ability from 
well to MCI

%/year 13/15 times of transition probability from 
state of well to dementia

95%CI Triangular Ninomiya (2015)18)

Asada (2013)19)

Relative risk 
for death in 
the state of 
dementia

%/year 2.80 1.85 4.24 95%CI Triangular July (2021)20)

Effect of  
combined 
physical and 
cognitive exer-
cises to prevent 
the progression 
of MCI

All age rate/year 0.65 0.55 0.76 95 % CI Triangular Blondell (2014)21)

Effect of com-
bined physical 
and cognitive 
exercises to 
prevent the 
progression of 
dementia

All age rate/year 0.86 0.76 0.97 95 % CI Triangular Blondell (2014)21)

Effectiveness Well QALY/
year

1.00 1.00 1.00 95% CI Triangular Estimated by 
authors

MCI QALY/
year

0.75 0.16 1.00 95% CI Triangular Landeiro (2020)22)

Dementia 
(Mild)

QALY/
year

0.61 0.00 1.00 95% CI Triangular Landeiro (2020)22)

Dementia 
(Moder-

ate)

QALY/
year

0.41 0.00 1.00 95% CI Triangular Landeiro (2020)22)

Dementia 
(Severe)

QALY/
year

0.21 0.00 0.74 95% CI Triangular Landeiro (2020)22)

Dead QALY/
year

0.00 0.00 0.00 95% CI Triangular Estimated by 
authors

Costs related to the program

Cost for  
screening

Well MCI yen/year 6,000 4,800 7,200 ± 20 % Triangular Expert opinion by 
Shimada (2017)7)

Number of 
individuals in a 
session

Well MCI n/session 15 12 18 ± 20 % Triangular Expert opinion by 
Shimada (2017)7)
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Table 1. (Continued)

Parameter Subgroup Unit Basic 
value

Range  
(lowest − highest)

Type of 
range Distribution Source

Number of phys-
ical therapists 
for a session

Well MCI n/session 2 1 3 Estimated Triangular Shimada (2017)7)

Number of 
instructors for 
a session

Well MCI n/session 5 4 6 ± 20 % Triangular Expert opinion by 
Shimada (2017)7)

Cost for a phys-
ical therapist 
for a session

Well MCI yen/ses-
sion

8,396 6,716 10,075 ± 20 % Triangular Ministory of 
Health, Labour 
and Welfare 
(2020)23)

Cost for a  
instructors for 
a session

Well MCI yen/ 
session

3,000 2,400 3,600 ± 20 % Triangular Expert opinion by 
Shimada (2017)7)

Numbers of 
sessions held 
in a year

Well MCI 
(First year)

sessions/
year

40 32 48 ± 20 % Triangular Shimada (2017)7)

Well MCI 
(From 2nd 

year)

sessions/
year

2 2 2.4 ± 20 % Triangular Estimated by 
authors

Cost for a 
public space 
to conduct the 
session

Well MCI yen/ 
session

900 720 1,080 ± 20 % Triangular Obu city (2021)24)

Cost for main-
taining the 
program

Well MCI yen/year 6,000 4,800 7,200 ± 20 % Triangular Expert opinion by 
Shimada (2017)7)

Costs for medical and long-term care

Cost for day 
service for 
dementia

Dementia 
(Mild/

Moderate)

yen/year 1,530,000 1,224,000 1,836,000 ± 20 % Triangular Ministory of 
Health, Labour 
and Welfare 
(2019)25)

Cost for preven-
tive day service 
for dementia

Dementia 
(Mild)

yen/year 614,400 491,520 737,280 ± 20 % Triangular Ministory of 
Health, Labour 
and Welfare 
(2019)25)

Cost for preven-
tive short stay 
for dementia

Dementia 
(Mild)

yen/year 471,600 377,280 565,920 ± 20 % Triangular Ministory of 
Health, Labour 
and Welfare 
(2019)25)

Cost for short 
stay use for 
dementia

Dementia 
(Mild/

Moderate)

yen/year 1,315,200 1,052,160 1,578,240 ± 20 % Triangular Ministory of 
Health, Labour 
and Welfare 
(2019)25)

Cost for stay in 
community- 
based facility

Dementia 
(Severe)

yen/year 3,448,800 2,759,040 4,138,560 ± 20 % Triangular Ministory of 
Health, Labour 
and Welfare 
(2019)25)

Cost for medical 
treatment for 
dementia

Dementia 
(Mild)

yen/year 527,344 421,875.2 632,812.8 ± 20 % Triangular Tomata (2014)26)

Dementia 
(Moderate)

yen/year 841,974 673,579.2 1,010,368.8 ± 20 % Triangular Ministory of 
Health, Labour 
and Welfare 
(2019)25)

Dementia 
(Severe)

yen/year 1,035,384 828,307.2 1,242,460.8 ± 20 % Triangular Ministory of 
Health, Labour 
and Welfare 
(2019)25)

Discount rate %/year 2.00 0.00 4.00 estimated Triangular Shiroiwa (2017)17)

MCI, mild cognitive impairment; CI, confidence interval; QALY, quality-adjusted life year
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second year, the individuals who were in the well or MCI 
states were assumed to receive the screening once a year and 
the program twice a year.

Parameters
The basic values of the parameters were used to pro-

duce a base case of the results from a Markov cohort analy-
sis. The range of values and distribution were applied for 
sensitivity analysis. The mean values among subgroups, such 
as sex and type of dementia, were used as needed to produce 
the base case, while the lowest and highest values among 
subgroups were used for the sensitivity analysis. Multiple 
years (n) of transition probabilities were converted to values 
for 1 year (p) using the following formula as needed30):

p p n= − −1 1 1( ) .( / )

Transition probability
The basic values of the transition probabilities are 

shown in Table 1. The probability of newly developing 
dementia in a year was substituted with the estimated preva-
lence of dementia, following age groups in Japan18). The 
probabilities of newly developing dementia in a year for 
66–69-year-old, 70–74-year-old, and 75-year-old adults 
were set at 2.18%, 4.84%, and 10.75%, respectively18). The 
mean transition probability from the well state to the MCI 
state was set at 13/15 times the probability of newly devel-
oping dementia per year. This was because the prevalence of 
dementia was 15%, while that of MCI was 13%, according 
to a study that analyzed 104,785 subjects from 10 areas in 
Japan19). The transition probability from the well state to 
death was referenced from the Japanese simple life table in 
201931). The mean transition probabilities of those 65, 66, 
67, 68, 69, 70, 71, 72, 73, 74, and 75 years old were calcu-
lated as 0.73%, 0.81%, 0.89%, 0.98%, 1.09%, 1.19%, 
1.30%, 1.42%, 1.56%, 1.73%, and 1.92%, respectively.

Effectiveness
The utility values of subjects were used to indicate 

effectiveness in this study. The mean values of health- related 

quality of life scaled for predementia Alzheimer’s disease, 
MCI, or dementia with EuroQol-5 Dimension (EQ-5D)32) 
reported by Heßmann et al.27,33) were used for the effective-
ness and treated as QALY values (Table 1). The proxy-rated 
values, not self-rated values, were adapted to the model to 
maintain validity and take into account the caregivers’ pro-
ductivity loss27). The mean values for the QALY values per 
year for the states of well, MCI, mild severity of dementia, 
moderate severity of dementia, severe severity of dementia, 
and dead (with or without dementia) were 1.00, 0.75, 0.61, 
0.41, 0.21, and 0.00, respectively. The values could not be 
below 0.00 or higher than 1.00.

Costs
The cost of one hour for a physical therapist, 2798.5 

yen, was referenced from the basic statistical survey of wage 
structure in Japan in 202023). This was an average of the val-
ues for a temporary physical therapist’s hourly salary in 
organizations with 100–999 workers (4104 yen) and in orga-
nizations with 10–99 workers (1493 yen). The cost of a 
physical therapist for a session was calculated as (physical 
therapist’s salary paid per hour × working hours × numbers 
of physical therapists in a session) ÷ numbers of individuals. 
The physical therapists were set to contribute three hours 
each to a session. The working hours included not only con-
ducting exercise but also the preparation of and finishing up 
for the session.

The screening cost, 6000 yen, and an hourly cost of 
1000 yen for an instructor to support the program were set 
by the authors who conducted the program11,34). As a screen-
ing test, the Mini-Mental State Examination (MMSE)35), the 
 Alzheimer’s Disease Assessment Scale-Cognitive subscale 
(ADAS cog)36), and the Wechsler Memory Scale-Revised32) 
were set. The instructors were set to contribute three hours 
each to a  session.

The annual medical cost for treating dementia was cal-
culated based on a study that reported the monthly medical 
costs for treating dementia, depending on the care needs lev-
els26). The mean values of these, depending on the severity of 
dementia, were used for the models. The medical costs for 

B: Markov model for the intervention group (IG)A: Markov model for the non-intervention group (NIG)

Well Mild level of dementia

Middle level of dementia

Severe level of dementia

Dead with dementia

Dead without
developing dementia

Well
(intervened)

MCI
(intervened)

Mild level of dementia

Middle level of dementia

Severe level of dementia

Dead with dementia

Dead without
developing dementia

Fig. 1. Markov models

NIG, non-intervention group; IG, intervention group; MCI, mild cognitive impairment 
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dementia with care support levels 1 and 2 were referenced 
from the value of noncertified long-term care needs from a 
previous study26).

Analysis
The individual cohorts for the analysis were generated 

via simulation to calculate the base case of the ICER. The 
sample size of the cohorts for the simulation was set at 1000 
individuals, following a previous study15,38); the result was 
said to be unchanged by the sample size28). The individual 
cohorts were assumed to follow the parameters of the basic 
values shown in Table 1. The base case of the ICER was 
calculated by inputting the basic values for the model 
parameters and analyzing them using Markov cohort analy-
sis. The mean cumulative 10-year costs and QALYs were 
calculated based on a cohort analysis of 1000 individuals. 
These results were then used to calculate the base case of the 
ICER.

Next, a one-way sensitivity analysis was conducted to 
scale the size of the impact of the parameters on the base 
case and investigate the direction of them by changing the 
parameters within the ranges between the low values and the 
high values shown in Table 1. To avoid confusion when the 
ICER showed negative values, instead of reporting ICERs, 
INMB39) was reported to consider the effect of the uncer-
tainty of the parameters on the base case. If the values of the 
parameters increased with the increased values of the 
INMBs, the associations were considered to have improved; 
otherwise, they were considered to have worsened. The pro-
portion of the size of impact (%) was calculated to measure 
how much of the total uncertainty of the base case of the 
INMB was represented by the specified parameters by 
dividing the squared spread value by the total sum of each 
parameter’s squared spread value of INMBs.

Finally, a set of Monte Carlo probabilistic simulations 
for 1000 individuals and microsimulations with 1000 trials 
were conducted to check the robustness of the base case. 
The simulated results were plotted, and a 95% confidence 
ellipse and the willingness to pay (WTP) line were drawn; 
the plots on the WTP line were equal to 5,000,000 yen; 
therefore, the scatter plots and the area of the 95% confi-
dence ellipse under the WTP line were interpreted as cost- 
effective ICER values.

In conducting the sensitivity analyses, the parameters 
were estimated to follow the distribution shown in Table 1. 
The range of the discount rate was set as 0.00%–4.00%. The 

low value and the high value of transition probability from 
well to death were set as 0.73% and 1.92%, respectively.

Results

The base case of the ICER
Simulated trends of the numbers in each state among 

1000 individuals for 10 years in the NIG and the IG are 
shown in Fig. 2A and 2B, respectively. The Markov cohort 
model simulated with the passage of 10 years the numbers 
in each state in the NIG and the IG, respectively; after 10 
years, there were 690/849 in the state of well, 58/2 in the 
state of a mild level of dementia, 39/2 in the state of the 
middle level of dementia, 72/3 in the state of severe level 
of dementia, 37/4 in the state of dead with dementia, and 
104/114 in the state of dead without developing dementia. 
After 10 years, the number in the state of MCI was 26 in 
the IG.

The cumulative QALYs and costs for 10 years in the 
NIG/IG were 8.13 QALY/8.62 QALY, and 3,022,498 
yen/203,666 yen, respectively. As such, the incremental 
effectiveness, incremental costs, ICER (base case), and 
INMB were estimated as 0.49 QALY, –2,818,833 yen, 
–5,736,166 yen (US$–57400)/QALY, and 5,275,903 yen, 
respectively (Table 2).

One-way sensitivity analysis
The ICER showed negative values; therefore, the 

INMB was analyzed. The most impactive parameter on the 
base case of INMB was the transition probability from well 
to dementia (risk percentage of 97.44%); the direction of the 
impact was improved (Table 3). The second-highest param-
eter was the transition probability from well to MCI (0.97%); 
the direction of the impact was worsened. The least impac-
tive parameters on the base case ranked from 21 to 29 were 
the costs of the preventive programs (Table 3).

Probabilistic sensitivity analysis
Figure 3 shows the scatter plots and the 95% confi-

dence ellipse from the results of the Monte Carlo probabilis-
tic simulation for 1000 individuals and microsimulation 
with 1000 trials. No plots (0%) were located in the upper 
area of the WTP line; a large area of the 95% confidence 
ellipse was under the WTP line. The mean (95% confidence 
interval) of the simulated ICER was –6,874,807 (–14,075,713 
and –3,729,394) yen/QALY.

Table 2. Base case values simulated by 10 years Markov cohort analysis

Cumulative
effectiveness

(QALY)

Incremental
effectiveness

(QALY)

Cumulative
cost (yen)

Incremental
cost (yen)

ICER
(yen/QALY)

INMB
(yen/10 years)

Non-intervention model 8.13 3,022,498

Intervention model 8.62 0.49 203,666 –2,818,833 –5,736,166 5,275,903

QALY, quality-adjusted life year; ICER, incremental cost-effectiveness ratio; INMB, incremental net monetary benefit
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Discussion

This study attempted to estimate the cost-effectiveness 
of combined physical and cognitive programs designed to 
prevent community-dwelling healthy young-old adults from 
developing dementia using a Markov cohort modeling sim-
ulation.

The Markov cohort modeling revealed that the base 
case of the ICER for 10 years was less than 5,000,000 yen/
QALY, and furthermore, the value was negative. This sup-
ports the idea that introducing prevention programs might 
have much better cost-effectiveness than that of noninter-
vention from a public healthcare and long-term care payer’s 
perspective. Furthermore, the INMB showed a positive 
value of 5,275,903 yen; this indicates that the prevention 
program was also cost-effective from a restricted societal 
perspective.

A previous study revealed that dementia prevention 
intervention was cost-effective over a short period40), whereas 
our study suggested that the program might be cost-effective 
over longer periods.

Although our study showed good cost-effectiveness, a 
previous study41) that investigated the cost-effectiveness of 
an exercise program for older adults who had already devel-
oped mild to moderate dementia reported that the program 
was not cost-effective. Two reasons might be considered for 
this. First, adults who develop dementia lose their chance to 
recover to a healthy state, while adults with MCI still have 
a chance to revert to a healthy state. Therefore, older adults 
who receive a preventive exercise program have a better 
chance of improving their health and saving expenses for 
their future healthcare and long-term care. Our study results 
(Fig. 2) showed a trend of the numbers in the well state in 
the IG, demonstrating a lower negative slope than that of 
the NIG. Moreover, the trends in the number of states 

concerning dementia showed horizontal slopes in compari-
son with the NIG, which had positive slopes. As such, the 
preventive exercise program for older adults in healthy and 
MCI states might result in more health-related utility gain 
and a reduction in expenses concerning the development of 
dementia than nonintervention. In other words, the sug-
gested introduction of preventive programs to young-old 
adults in a healthy state or MCI state might not only be 
effective7), but also economically beneficial for the health 
system and in the long term for Japan. Second, an interven-
tion program for adults with dementia might cost more than 
a preventive program. Therefore, the program for adults 
with dementia would need to provide an individually tai-
lored frequent exercise program, with 20–30 minutes of 
exercise at least five times per week42); our proposed pro-
gram could be provided collectively and less frequently, at 
most once per week. As our results indicate, the costs for 
the preventive programs showed the lowest impact, 0% of 
the size of the impacts on the INMB (Table 3). Hence, our 
study supported the idea that collective exercise for demen-
tia prevention programs represented a lower cost43,44) than 
individual exercise programs for adults with dementia41).

According to the results of the one-way sensitivity 
analysis, there was no parameter range indicating the effect 
of ICER values exceeding 5,000,000 yen/QALY. Further-
more, the probabilistic sensitivity analysis showed that no 
simulated values (0%) were over 5,000,000 yen/QALY; cer-
tainly, the mean value and the range were not over 5,000,000 
yen/QALY. Combined, the sensitivity analysis suggested 
that the base case had high robustness.

To consider the most cost-effective way to deliver a 
preventive program to the community, interpreting the 
results of the one-way sensitivity analysis might be useful. 
First, the transition probability from well to dementia is 
worth paying attention to because of its notable impact on 

Fig. 2. Ten years simulated trends of the number of states among 1000 individuals

NIG, non-intervention group; IG, intervention group 
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INMB. The results indicate that a higher transition probabil-
ity from well to dementia improved INMB. This suggests 
that early effective screening to find community-dwelling 
young-old adults who might have a high risk of developing 
dementia might contribute to the impactive improvement of 
the cost-effectiveness of the preventive exercise program. 
Second, the transition probability from well to MCI might 
be worth paying attention to because the results indicate that 
a higher transition probability from well to MCI worsened 
INMB. Thus far, there has been little evidence that older 
adults can be prevented from developing dementia without 
diet changes, exercise, and cognitive stimulation8). Hence, 
our study suggested that early intervention, including exer-
cise programs, such as the combined physical and cognitive 
exercises programs designed for preventing dementia in 
community-dwelling healthy young-old adults before they 
progress to the MCI state, might increase the cost- 
effectiveness in the community from a public healthcare and 
long-term care perspective.

Limitations
This study has three main limitations. First, we classi-

fied the severity of dementia into care needs levels of long-
term care with specialist opinion. Since the classification 
system has been revised, it was not possible to make a sim-
ple comparison between a previous study16) and our study; 
however, our classification had the possibility of overesti-
mating the cost of long-term care services. The one-way 
sensitivity analysis confirmed that when the costs related to 
long-term care services decreased, the INMB value became 
small, which meant that the cost-effectiveness worsened. 
However, even if the cost for a stay in a community-based 
facility for dementia service, which was the most expensive 
and had the largest impact on INMB value among long-term 

care services, decreased in the range of 20%, the INMB 
value was still 5,040,968 yen, and the impact was as small as 
0.04% (Table 3). Our conclusion therefore might not be sig-
nificantly changed. Further research is needed to clarify this.

Second, proxy-rated utility instead of self-rated utility 
was used to define the effectiveness values. The self-rated 
values among people with dementia were reported to be 
higher than the proxy-rated values27). According to our one-
way sensitivity analysis, parameters related to utilities of the 
state of dementia induced a worsening impact on INMB, 
which indicate that the cost-effectiveness of the preventive 
program might be worsened. However, we found that the 
size of the impact was small, ranging from 0.16% to 0.39%; 
hence, our conclusion might not be changed even if the self-
rated utility was used in the model.

Finally, this study used the data from Japan as a priority 
and was conducted with assumptions about the background 
of Japanese healthcare and the long-term care system. Other 
international perspectives might be necessary to adapt our 
results to other countries.

Conclusion

The present results indicate that the combined physical 
and cognitive programs designed to prevent  community- 
dwelling healthy young-old adults from developing demen-
tia might have good cost-effectiveness with high robustness.
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Fig. 3.  Scatter plots and 95% confidence eclipse from the results of the Monte Carlo probabilistic simulation for 1000 individuals 
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