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Summary

Background—Dementia and frailty often accompany one another in older age, requiring 

complex care and resources. Available projections provide little information on their joint impact 

on future health-care need from different segments of society and the associated costs. Using a 

newly developed microsimulation model, we forecast this situation in Japan as its population ages 

and decreases in size.

Methods—In this microsimulation modelling study, we built a model that simulates an 

individual’s status transition across 11 chronic diseases (including diabetes, coronary heart 

disease, and stroke) as well as depression, functional status, and self-reported health, by age, 

sex, and educational strata (less than high school, high school, and college and higher), on the 

basis of nationally representative health surveys and existing cohort studies. Using the simulation 

results, we projected the prevalence of dementia and frailty, life expectancy with these conditions, 

and the economic cost for formal and informal care over the period 2016–43 in the population of 

Japan aged 60 years and older.

Findings—Between 2016 and 2043, life expectancy at age 65 years will increase from 23·7 years 

to 24·9 years in women and from 18·7 years to 19·9 years in men. Years spent with dementia will 

decrease from 4·7 to 3·9 years in women and 2·2 to 1·4 years in men. By contrast, years spent 

with frailty will increase from 3·7 to 4·0 years for women and 1·9 to 2·1 for men, and across all 

educational groups. By 2043, approximately 29% of women aged 75 years and older with a less 

than high school education are estimated to have both dementia and frailty, and so will require 

complex care. The expected need for health care and formal long-term care is anticipated to reach 

costs of US$125 billion for dementia and $97 billion for frailty per annum in 2043 for the country.

Interpretation—Japan’s Government and policy makers should consider the potential social 

challenges in caring for a sizable population of older people with frailty and dementia, and a 

widening disparity in the burden of those conditions by sex and by educational status. The future 

burden of dementia and frailty should be countered not only by curative and preventive technology 

innovation, but also by social policies to mitigate the health gap.

Funding—Japan Society for the Promotion of Science, Hitachi – the University of Tokyo 

Laboratory for a sustainable society, and the National Institute of Ageing.

Introduction

Population ageing brings with it the challenges of age-related conditions, such as dementia 

and physical frailty, for which spending on health care and caregiving is expected to 

increase. In 2016, approximately 44 million people worldwide had dementia, almost double 

the number in 1990.1 The prevalence of frailty is rapidly increasing globally along with 

population ageing and will increase health-care demand.2
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Among member countries of the Organisation for Economic Co-operation and Development, 

Japan stands on the front-line of population ageing. As of 2020, the Japanese population 

aged 65 years and older was more than 36·0 million (approximately 29·2% of the 

population).3 An estimated 3·5 million people had dementia (approximately 8% of the 

global burden3) and an estimated 3 million people had frailty in 2012.4

Japan has had universal public insurance coverage for health care that allows affordable 

access to outpatient, inpatient, and pharmaceutical care since 1961.5 In 2000, the Japanese 

Government launched a public, mandatory long-term care insurance (LTCI) scheme to 

support formal provision of personal and social care by trained support workers (hereafter 

referred to as formal care). Long-term care might be provided in care homes and chronic-

care hospitals, in community centres, or at home.6 After the scheme’s launch, the number of 

total long-term care beneficiaries and associated expenditure increased substantially, despite 

cost control policies, from US$33 billion in 2000 to $94 billion in 2018.7

What will future demand for health care and long-term care be in Japan? The burden of 

ageing-related conditions is expected to increase in Japan in the near future, and also in other 

countries in Asia and in several other regions of the world where population ageing outpaces 

the rate seen in Japan.8

Use of microsimulation models allows future projection of population health by accounting 

for intertwined associations between health, demographics, and risk factors on an individual 

basis.9,10 However, existing microsimulation models have not articulated the joint evolution 

of frailty and dementia, which are two major challenges to the health-care system in an 

ageing population. Both are strongly associated with each other, alongside other comorbid 

conditions typically observed among older people.11 We aimed to fill this knowledge 

gap and estimate the economic cost of health care and long-term care services related to 

dementia and frailty, and disparities in these conditions, which can help inform health-care 

and social policy measures to better meet the challenge of population ageing.

Methods

Study design and construction of a multi-state transition model for multi-comorbidity

In this microsimulation modelling study, we used a recently developed microsimulation 

model12 with field-based measurement of cognitive function and frailty status to determine 

the association between frailty and dementia in older people (aged ≥60 years) in Japan.

Individual-based microsimulation models have been used to forecast the multi-comorbidity 

status of older people in England (aged ≥65 years) and the USA (aged ≥50 years), using 

panel data from nationwide samples of older people (appendix pp 5–7).9,10 We searched 

PubMed and Google Scholar between Jan 1 and Jan 15, 2022 for publications since database 

inception in English and in Japanese that forecast future disabilities related to cognitive 

impairment and physical frailty and their economic impact. Given the paucity of suitable 

panel data for the older old (aged ≥75 years) age strata in Japan,13 we used repeated 

nationwide cross-sectional surveys and death records to construct a simulated cohort: a 

multistate transition probabilities model of the population aged 60 years and older.12 The 
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model originally used age, sex, the incidence of 11 chronic diseases (diabetes, coronary 

heart disease, stroke, hypertension, hyperlipidaemia, cancer of all types, respiratory diseases 

[including chronic obstructive pulmonary disease], joint conditions, eye problems, chronic 

kidney disease, and other diagnoses), two indicators of functional status (activities of daily 

living and instrumental activities of daily living), depression, and self-reported health. We 

further incorporated an education-strata-specific state transition based on education-stratified 

cause-specific fatalities, by using a census-death record data linkage; this is the model we 

used in these analyses.14

The current revised model starts with a baseline population aged 60 years and older and 

their health conditions as of June, 2016, evolving over a half-year cycle in a first-order 

Markov process. We used condition-specific incidence rates and case fatalities estimated 

for the most recent year as of 2015 for future projections. Younger cohorts (those entering 

the age 60–62 years strata at the time of each estimation between 2016 and 2043) were 

stochastically prepared on the basis of the education-stratified population (ie, less than high 

school education, high school education, and college education and higher) as of the 2010 

census, processed with exit from the cohort due to death at the estimated age-sex-education-

specific death rate until they matured to age 60 years to enter the model. Details of the 

model and data sources are in the appendix (pp 8–12).

Identification of dementia and frailty status

The identification of dementia status by self-reports of physician diagnoses could lead to 

underestimation. Hence, previous microsimulation studies have relied on cognitive function 

measurements to estimate the prevalence of dementia.15 Similarly, we derived cognitive 

function measurements from the Japanese Study of Aging and Retirement (JSTAR), a sister 

survey to the English Longitudinal Study of Ageing and Health and Retirement Study.16

We measured amnestic cognitive impairment conditions on the basis of failed performance 

on standard cognitive tests given to JSTAR participants (namely, immediate and delayed 

word recall and serial-sevens examinations) and the reporting of difficulty performing at 

least one of seven instrumental activities of daily living (ie, using transportation, grocery 

shopping, preparing hot meals, paying bills, making deposits and withdrawals at the bank 

or using an automated teller machine (known as an ATM), using telephones, and taking 

medication). These items are commonly used in existing algorithms to assess dementia 

status using social survey data, such as the Health and Retirement Study.10,15

Using a multivariate probit model (appendix p 14), we estimated the likelihood of failed 

test performance regressed on age, sex, educational attainment, and multi-comorbidity 

conditions to predict dementia status for each individual in the population. We set the 

probability thresholds to match the prevalence of dementia and mild cognitive impairment 

previously reported in Japanese epidemiological surveys.17

There is no consensus on the standardised tools to assess frailty, which complicates status 

identification.2 We relied on data from the Kashiwa study,18 a population-based community 

survey that measured the frailty status of 1952 people aged 65 years and older in Kashiwa 

City, a suburb of Tokyo. This study used a modification of the Cardiovascular Health 
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Study criteria—the most widely used method for frailty assessment.19,20 We constructed 

a logistic regression model of frailty as a function of age, sex, educational attainment, 

comorbid conditions (diabetes, heart disease, stroke, hypertension, hyperlipidaemia, cancer, 

and chronic renal failure), depression, and impaired mobility in daily living, similar to 

previous studies on frailty risk assessment.21 We extrapolated the probability of frailty in 

the simulated individuals with a threshold to match the real-world prevalence reported in a 

previous Japanese epidemiological survey.4 The methodological details, regression results, 

and estimated age-specific and sex-specific prevalence of dementia and frailty are in the 

appendix (pp 13–16, 26–27).

Estimation of economic cost for health care and long-term care

On the basis of projections of the future prevalence of multi-morbidity, we estimated the 

economic cost of health care and formal long-term care. We defined formal care as being 

provided by paid professionals, and informal care as being provided by mainly unpaid non-

professionals (eg, family members). We relied on electronic claim data from the National 

Health Insurance and LTCI databases, which contain monthly information on types of 

services used and volume of use.5,21

Japanese public health-care insurance universally covers inpatient, outpatient, and 

pharmaceutical services for acute and chronic conditions.5 Public LTCI covers nearly 90% 

of formal long-term care in Japan, including for home-based and community-based care 

and care in care homes and chronic-care hospital beds.6 Taking advantage of a unique 

reimbursement system by which fee-for-service payments are strictly based on an item-by-

item price list set by the government, we applied the reference price list to administrative 

data to generate an estimate of the cost of health care and formal long-term care, regardless 

of the actual use of services.

Using nationwide administrative data on health care, we regressed monthly use by service 

type (inpatient vs outpatient and prescription) on age, sex, the 11 prespecified comorbidities, 

and the number of comorbid conditions. Then, we extrapolated the expected annual use for 

each individual in the simulated cohort population. Japan’s LTCI defines seven eligibility 

criteria levels according to the severity of care needs. We categorised the lower three levels 

as mild dependency (eg, needing to be accompanied on outings), and the higher four levels 

as high dependency (requiring support in activities of daily life—eg, bathing, toileting, or 

eating meals). We estimated mean monthly use by age-specific and sex-specific dependency 

strata and by service type (home-based and community-based care vs care in care homes) 

using nationwide LTCI administrative data, then extrapolated these estimates to annual use 

for each individual in the simulated cohort population (appendix pp 19–25).

Forecasting the economic costs of informal care provision (ie, by non-paid non-professional 

caregivers) is very complex because the intensity of care provision and its hourly unit price 

differ according to recipients’ need levels and the caregiver’s age, gender, occupational 

status, and relationship to the recipient (eg, spouse, child, other family member, or a 

friend).22 By 2040, a predicted 40% of households in Japan will have a single occupant, 

and 44% of households will be headed by someone aged 65 years or older, and most often 

an older couple.23 Given the uncertainty around who will provide informal care in the future, 
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we provide estimates by assuming that the resource use pattern between formal and informal 

care will remain constant over time, with a simple sensitivity analysis. Existing literature 

on informal long-term care indicates that, in addition to the formal services covered by 

LTCI, family caregivers devote an average of 25 h per week to informal care for highly 

dependent people, and approximately 10 h per week for people with mild dependency.24,25 

We multiplied these numbers by the hourly wage rate of $11 (the average for formal 

caregivers in 2013) and by the size of the population projected to require home-based care.

Validation of estimated prevalence and cost of care

We did validation checks against external data for estimated prevalence and use costs. We 

also validated our population projections using official government forecasts.26 We checked 

health transition probabilities via backward validation, by comparing projected prevalence as 

of 2016 using a 2010 baseline, with actual prevalence numbers observed in the 2016 national 

health survey. Projections of educational attainment were validated by comparing with 

Barro-Lee data.27 We used data reported by Toshiharu Ninomiya28 and Takashi Asada17 

for the age-specific and sex-specific prevalence of dementia, and of Murayama et al4 for 

those of frailty. We compared an estimated life expectancy at age 65 years as of 2016 with 

life expectancy using an abridged life table published by the Japanese Ministry of Health, 

Labour and Welfare.29 For formal care use, we validated the estimated results for 2016 with 

annual use for the same year as publicly announced by the relevant government agency 

(appendix pp 21, 25).

Model outputs

The nationally representative survey we analysed—Comprehensive Survey of People’s 

Living Conditions—is undertaken every 3 years (appendix p 8); therefore, we adopted 

a transition interval of 3 years for our model. We present the prevalence of dementia 

and frailty for 2016, 2025, 2034, and 2043 (9 year intervals). We present estimated life 

expectancy free of dementia or frailty at age 65 years using the Sullivan method in the 

corresponding years.30 We also prepared the estimation by educational attainment strata 

and by sex, to assess socioeconomic disparity in the effect of dementia and frailty. We 

stochastically prepared the baseline population at age 60 years, and obtained the Monte 

Carlo error and 5th to 95th percentile ranges as uncertainty intervals by implementing 50 

iterations of bootstrap simulation.9

We used Python (version 3.7.7) for parameterisation of multi-state transition probabilities 

and Stata SE (version 14.0) for regression analyses and simulations.

Role of the funding source

The funders of the study had no role in study design, data collection, data analysis, data 

interpretation, or writing of the report.

Results

The estimated age-specific prevalence of dementia is set to decrease between 2016 and 2043 

for women younger than 95 years and for men younger than 100 years (figure 1A). For 
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2043 versus 2016, the prevalence peak of mild cognitive impairment is shifted into older 

age groups (figure 1B), indicating that in 2043 older people will have more years with 

cognitively normal functions.

By contrast, the prevalence of frailty in this population is estimated to increase between 

2016 and 2043, specifically among those aged 90 years and older of both sexes, reflecting 

improved longevity and the age-dependency of the incidence of frailty (figure 1C).

We estimated the baseline prevalence of dementia among people aged 60 years and older 

to be approximately 5·10 million in 2016 (3·53 million women and 1·57 million men), and 

this prevalence is projected to be 5·03 million in 2025 (3·33 million women and 1·70 million 

men; table 1). In 2034, when the population of people aged 65 years and older is projected to 

peak, the number who have dementia is projected to remain approximately the same, at 4·90 

million, followed by a gradual decrease to 4·65 million in 2043.

The projected prevalence of dementia among people aged 60–74 years shows a decreasing 

trend for both sexes until 2034, at which point it increases slightly. However, the projected 

prevalence among people aged 75 years and older differs by sex, with the prevalence among 

men peaking in 2025 and decreasing thereafter; whereas, a consistent increase in prevalence 

is seen among women, most likely because of longer life expectancy than men and an 

increased prevalence among people in their late 90s and older (table 1, figure 1).

The baseline prevalence of frailty in 2016 was 4·13 million (2·74 million women and 1·40 

million men), and this number is expected to reach 5·24 million in 2043 (3·51 million 

women and 1·72 million men; table 1). The prevalence of frailty among those aged 75 years 

and older is projected to increase by approximately 1·3 times between 2016 and 2043 across 

both sexes. Notably, 1·48 million women aged 75 years and older are projected to have both 

dementia and frailty in 2043.

We present education-stratified prevalence data in the appendix (pp 29–31). The education-

related gap in the prevalence of dementia and frailty is most notable among those aged 75 

years and older, and will increase from 2016 to 2043. Approximately 29% of women aged 

75 years and older with less than high school educational attainment (368 456 of 1 285 013 

women) are projected to have both dementia and frailty in 2043, whereas among women 

in the same age group with college-level education or higher the projected prevalence is 

approximately 7% (293 985 of 4 553 651).

Our simulation indicates that life expectancy will continue to increase and the compression 

of years affected by dementia (figure 2A, B). Overall, between 2016 and 2043, life 

expectancy at age 65 years will increase from 23·7 years to 24·9 years in women and from 

18·7 years to 19·9 years in men. Life expectancy with dementia at age 65 years was 4·7 

years for women and 2·2 years for men in 2016, and decreased to 3·9 years in women and 

1·4 years in men in 2043. Dementia-free life expectancy increases with higher educational 

attainment and this discrepancy is most notable in men.
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We observed extension of life expectancy with frailty in both sexes between 2016 and 2043, 

more prominently among women than among men, with years spent with frailty increasing 

from 3·7 to 4·0 years for women and 1·9 to 2·1 for men (figure 2C, D).

The estimated annual cost of health care and formal long-term care for people aged 60 

years and older is projected to reach $361 billion in 2043, a 12% increase from the $323 

billion in 2016 (figure 3). The annual cost of health care is projected to peak in 2034, 

when the size of the older population also peaks, whereas the annual cost of long-term 

care (ie, home-based and community-based care and care in care homes) is expected to 

continue increasing. Health care and formal long-term care costs for people aged 60 years 

and older with dementia amounted to $123 billion in 2016, and is projected to increase to 

approximately $125 billion in 2043. Health care and long-term care costs for those with 

frailty amounted to $77 billion in 2016, and is projected to increase to $97 billion in 2043.

In 2016, the annual cost per capita for health care and formal long-term care among women 

with an educational level of less than high school was almost twice that of their counterparts 

with a college education or higher, and the gap widened further by 2043 (table 2). Whereas, 

for men the difference in annual costs between those with less than high school education 

and college education or higher is not as pronounced. This gap is largely attributable 

to the difference in estimated long-term care costs. Among those with lower educational 

attainment, women require more spending on formal long-term care and health care than 

do men, and this sex difference is projected to increase between 2016 and 2043 (table 2). 

Women with a lower level of education with dementia or frailty, or both, consistently bear 

the highest cost per capita.

Finally, we estimate the additional cost for informal care provision to be $93·1 billion in 

2016, 59% of which was related to dementia care and 33% to frailty care. The cost is 

expected to increase to $103·3 billion in 2043, 52% of which is related to dementia care and 

36% to frailty care. Because household size and the related capacity for informal care are 

projected to decrease by approximately 20% between 2016 and 2043, we did a sensitivity 

analysis assuming a substitutional increase of 13% in community-based home care, on the 

basis of the existing literature (appendix p 22).31 The results of this analysis suggest that the 

total formal and informal care costs will remain at approximately $460 billion per annum in 

all those aged 60 years and older after substitution (appendix p 22).

Discussion

To our knowledge, this is the first microsimulation-based forecast of the joint distribution of 

dementia and frailty, which are major health-care challenges for the ageing population.

Despite rapid population ageing in Japan across the projected period (2016–43), the time 

spent with dementia is expected to decrease among those aged 60–74 years, especially 

among men, primarily attributable to projected improved educational attainment and 

reduced cardiovascular risks among that subpopulation. Previous forecasts of the prevalence 

of dementia, which relied on static assumptions without considering the anticipated 

improvement in educational attainment and cardiovascular risks among the future older 
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population, estimated that the population with dementia would reach 9·0 million, or 25% 

of the population aged 65 years and older in Japan by 2040,28,32 a figure that exceeds our 

estimates. Recent estimation with consideration of risk factor improvement over time by 

the GBD 2019 Dementia Forecasting Collaborators projected the prevalence of dementia in 

Japan to be 5·2 million in 2050, which seems closer to our estimate.33

The impact of frailty is likely to increase for both men and women, with larger increases 

in the prevalence of frailty predicted for women than for men. Compared with dementia, 

the incidence and progression of which is strongly associated with demographic factors, 

physical frailty might reflect near-universal susceptibility to age-related physiological 

decline that could result in smaller education-related disparities and a larger burden among 

women than among men, given their longer life expectancy.

Existing dynamic microsimulation models for England, the USA, and other countries 

consistently indicate that the prevalence of dementia in the overall population will 

increase, despite decreasing age-specific incidence and prevalence, because of improved 

longevity.9,10,33 In Japan, decreased prevalence among those younger than 95 years, and 

increased prevalence thereafter, seem to counterbalance the increased number of older 

people with dementia caused by extended life expectancy. However, we estimate that 

care costs will remain high, with an increase in comorbid dementia and frailty requiring 

increasing costs per capita. With an expected decrease in the size of the working-age 

population,23 the social burden of care on the working-age population will become more 

onerous.

Our dynamic microsimulation model is similar to the PACSim project, which jointly 

models dementia with multiple comorbidities and socioeconomic conditions of the older 

population.8 PACSim also relies on several nationally representative surveys with a specific 

functional measurement obtained from the English Longitudinal Study of Ageing. Our 

model primarily uses crosssectional, nationally representative surveys, augmented by 

existing population-based survey data for measurement of cognitive functions and physical 

frailty.

Despite demographic and institutional differences between England and Japan, we found 

important similarities between the two countries. In particular, we found that the effect of 

dementia on requirements for caregiving will differentially affect subpopulations of older 

people, depending on their sex and socioeconomic conditions. An education-related gap in 

the prevalence of dementia has also been reported in the USA.15 Our forecast indicates that 

comorbid dementia and frailty will be more prevalent among women aged 75 years and 

older than other subpopulations and among those with a lower level of education than with a 

higher level of education, who will require greater resources for their complex care needs.

Our study has some limitations. First, the method we used for classification of dementia 

status has not been tested directly with the concurrent clinical measurement of cognitive 

function. Although our estimation successfully replicated the age-specific prevalence 

distribution of dementia among the Japanese population, it might misclassify status at the 

individual level. Moreover, the cross-country comparison and cross-validation of different 
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classification algorithms require caution and further research.34 We also had to rely on 

urban data for field-based measurement of frailty that might not necessarily reflect rural 

situations. Because approximately 95% of the Japanese population lives in cities, the use 

of urban data might still provide a plausible projection of frailty. Second, the model does 

not include information on health-related behaviours, such as smoking, exercise, and dietary 

habits, which are known correlates of health in old age.35-37 In the state-transition model 

we adopted, we had to assume non-reversibility of chronic conditions for model simplicity; 

however, health behaviours will change over the life course. With limited availability of 

information on health behaviours in the data source, our simulation could not incorporate 

behavioural information, which might lead to an overestimation of the future prevalence of 

dementia, given, for example, the decreasing trend in smoking.33 Third, our model assumes 

constant transition probabilities between multi-comorbid statuses after 2015. Because some 

comorbid statuses are competing risks for others, change in one comorbid incidence will 

affect others in a complex way, which might lead to overestimation or underestimation. Our 

model also assumes constant effectiveness of curative and preventive health-care technology 

in the near future; an assumption which is likely to lead to the overestimation of future 

disease prevalence. Finally, our current study assumes constant patterns of use of formal and 

informal care and does not consider how health and demographic trends might affect the 

demand for informal care and the indirect costs of lost productivity. Therefore, our results 

are likely to underestimate the future economic impact of frailty and dementia.

Our projection of reduced prevalence of dementia in the next 20 years in a subset of the 

population is good news for a rapidly ageing but highly educated population, although 

this trend is unevenly distributed across the sexes and by socioeconomic status. Tertiary 

education and economic participation opportunities are less available to women than to men 

in Japan.38 Consequently, even with high educational attainment, women in Japan probably 

experience greater stress and poorer health than do men.39 Further research and policy 

discussion on whether closing the sex-related gap in education and social participation leads 

to a diminishing future burden of dementia and frailty in society might be warranted.

Japan’s working-age population is expected to decrease in size for the foreseeable future. 

An increasing fraction of the population will have decreasing functional status. Meanwhile, 

many promising interventions could potentially delay the onset of frailty, such as regular 

exercise and psychosocial support.36 However, in addition to individual-level interventions, 

Japan must invest in developing social and physical environments that are inclusive for 

people with such disabilities. Although Japanese people might have fewer years lived 

with dementia in the near future, a disproportionate concentration of frailty and dementia 

among susceptible subpopulations requires attention to improve health equity beyond simply 

regarding population ageing as a social burden. Both sex and educational disparities in 

health among the older population deserve concentrated attention as part of the public health 

policy agenda for population ageing. The future burden of dementia and frailty should be 

countered by curative and preventive technology innovation, and further mitigated by social 

policies to close the health gap.
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Data sharing

Government microdata are available by due application according to the Statistics Act article 

33. JSTAR data are available on request with approval for use from the Research Institute 

of Economy, Trade, and Industry, Japan. Availability of Kashiwa study data is restricted due 

to confidentiality arrangements with the Kashiwa Municipality authority. Model codes and 

summary data from the study are available from the corresponding author upon request.
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Research in context

Evidence before this study

We searched PubMed and Google on January 1–15, 2022, for academic papers and 

institutional reports published in English since database inception that forecast future 

disabilities related to cognitive impairment and physical frailty and their economic 

impact. Publications in Japanese were additionally searched. The search strategy included 

the terms “dementia”, “frailty”, “prevalence”, “cost of illness”, “burden of disease”, 

“forecasting”, and “computer simulation”. We identified ten simulation models developed 

for forecasting prevalence of dementia in England, the USA, Canada, Australia, Spain, 

Ireland, and globally. We did not find any studies explicitly including frailty, although 

two models considered the status of dependency or difficulties engaging in activities of 

daily life. Three models assessed the population impact of dementia on disability-free 

life expectancy, and five models assessed the estimated health-care cost. Three models 

involved microsimulations that considered multi-morbidity conditions of individual older 

people in the forecasting estimation, three models incorporated cardiovascular risk 

factors, and three models adopted state transition for the natural course of dementia 

progression. A study based on the Global Burden of Diseases, Injuries, and Risk Factors 

Study estimated the trend of prevalence of dementia regressed on the summary score of 

risk factors and educational attainment trend at the country level.

Added value of this study

To our knowledge, this is the first microsimulation modelling study to simultaneously 

consider the population impacts of frailty and dementia in an ageing population. We 

projected that in the next two decades, when the older population in Japan will be at its 

largest, increased life expectancy for people aged 65 years and over will feature more 

years free of dementia, but fewer years without frailty than in 2016. A larger proportion 

of women were affected by both conditions. We predict that the prevalence of dementia 

will be greater in those with lower compared to higher educational attainment, and that 

this disparity will grow over time. The expected cost of health care and formal long-term 

care for those with dementia is expected to remain similar to that in 2016, whereas the 

cost associated with frailty care is expected to increase substantially.

Implications of all the available evidence

Our results highlight a double burden of dementia and frailty among women aged 75 

years and older and those with lower education, who will require complex care services 

at a higher cost per capita. Sex and educational disparities in comorbid dementia and 

frailty among the older population will be especially important to consider in the public 

health policy agenda for population ageing.
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Figure 1: Age-sex-specific prevalence of dementia (A), mild cognitive impairment (B), and frailty 
(C), estimated as of 2016 and 2043, in men and women aged 60 years and older
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Figure 2: Projected life expectancy at age 65 years with and without dementia (A, B) or frailty 
(C, D) in 2016 and 2043, by sex and educational attainment

Kasajima et al. Page 16

Lancet Public Health. Author manuscript; available in PMC 2022 May 11.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3: Projected costs of health care and formal long-term care for the population aged 60 
years and older
Health care includes outpatient and prescriptions and inpatient medical services. Formal 

long-term care includes home-based and community-based care and care in care homes. 

Annual cost estimation in billions of US$ at 2016 value.
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