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Abstract: The aging population in China highlights the significance of elderly long-term care
(LTC) services. The number of people aged 65 and above increased from 96 million in 2003 to
150 million in 2016, some of whom were disabled due to chronic diseases or the natural effects
of aging on bodily functions. Therefore, the measurement of future LTC costs is of crucial value.
Following the basic framework but using different empirical methods from those presented in
previous literature, this paper attempts to use the Bayesian quantile regression (BQR) method, which
has many advantages over traditional linear regression. Another innovation consists of setting and
measuring the high, middle, and low levels of LTC cost prediction for each disability state among
the elderly in 2020-2050. Our projections suggest that by 2020, LTC costs will increase to median
values of 39.46, 8.98, and 20.25 billion dollars for mild, moderate, and severe disabilities, respectively;
these numbers will reach 141.7, 32.28, and 72.78 billion dollars by 2050. The median level of daily
life care for mild, moderate, and severe disabilities will increase to 26.23, 6.36, and 27 billion dollars.
Our results showed that future LTC cost increases will be enormous, and therefore, the establishment
of a reasonable individual-social-government payment mechanism is necessary for the LTC system.
The future design of an LTCI system must take into account a variety of factors, including the future
elderly population, different care conditions, the financial burden of the government, etc., in order to
maintain the sustainable development of the LTC system.

Keywords: long-term care cost; long-term care insurance; Bayesian quantile regression; the disabled
elderly; sub-item demand rates

1. Introduction

The topics of long-term care (LTC) and associated costs are attracting more attention from academia
and governments; it is believed that an aging population will significantly increase demands for LTC
and will generate significant public expenditure due to increasing disability trends [1]. One of the core
issues to be addressed is how LTC demand and its costs will grow in the future. LTC is for people who
are at a stage when they rely on others, i.e., from society or the medical system [2]. LTC is usually
associated with the disabled elderly, but in fact, it also applies to people of any age, regardless of the
cause of the disability, e.g., traffic accident, mental illness, or congenital illness. This paper focuses
on the disabled elderly because they represent the greatest demand for LTC; it attempts to find out
how demand for LTC will evolve, and then analyzes the sustainability of LTC systems such as LTC
insurance (LTCI) according to the health status of the elderly and economic development in the future.
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1.1. Long-Term Care System in China and Other Countries

Germany, Japan, Sweden, and other Western countries successively introduced LTC insurance
systems in the 1960s, which have succeeded in dealing with the aged LTC service cost crisis due to the
aging of the population, although some difficulties remain.

In the UK, LTC is less dependent on public funds than in most other European countries.
LTC services are financed by two different channels: the National Health Service (NHS) and local
governments. The funding provided by local governments comes from government grants and local
government taxes revenue. The funds were not earmarked, but recommendations and management
objectives were made on how to use them and the expected level of service. In comparison, the NHS,
funded mainly by income taxes, is responsible for funding some care homes and other care settings
according to health-related standards [3].

In Japan, National Long-Term Care Insurance (LTCI) for the elderly was implemented in 2000 and
is based on a detailed and formal assessment for LTC demands of each elderly person [4-6]. Under
the assistance of a professional nursing manager, the applicant decides the care level according to the
amount available; care beyond the fixed amount must be undertaken privately. In recent years, LTC
costs have been continuously increasing, raising serious questions about the future viability of the
LTCI system.

In Sweden, a tax-based LTC system was established in the 1970s. Under the Social Service Act,
every city must provide help if the care demands of an individual cannot be satisfied by any other
approach [7]. Of course, some factors such as family environment were taken into account in assessing
the demands of the LTC system. The scope of LTC and the cost of providing it have been limited since
a severe economic crisis in the 1990s. As a consequence, Sweden will face substantial sustainability
problems in providing LTC in the future.

In China, as a result of accelerated industrialization and an aging population, the development of
health services is unbalanced and inadequate, which highlights the urgency of the crisis in elderly
care services. The number of people aged 65 and above increased from 96 million in 2003 to about
150 million in 2016, some of whom were disabled due to chronic diseases or the natural effects of aging
on bodily functions. Therefore, the demand for LTC services among the disabled elderly is increasing
rapidly, but unfortunately, the supply of LTC services, especially in terms of policymaking and fund
collection, lags far behind. In recent years, the central government and some local governments have
introduced a series of policies and measures, such as the pilot of LTC insurance (LTCI), to establish a
comprehensive urban and rural old-age service system with individuals, families, communities, and
old-age care institutions as the main body. In 2012, Qingdao took the lead in introducing LTCI covering
people who were insured. The money comes from the surplus of the Medicare budget; as such, there
is no need for individuals or employers to contribute. In 2016, China published the “Guidelines on
Carrying out LTCI System Pilots”, which is a significant institutional arrangement for coping with the
aging population trend [8]. Fifteen major cities were selected as pilot areas to establish a multichannel
funding mechanism for mutual assistance and responsibility [9]. Some cities such as Shanghai and
Chongging have already taken LTCI as a key objective for the period of 2016-2019.

Financing supply, which should meet the LTC cost demands, is one of the most important research
topics in both present and future China. Therefore, the measurement of LTC costs is a subject of great
importance. This paper predicts the LTC demands among the elderly from 2020 to 2050 in China,
on the basis of the changing trend of elderly disabilities in different states and seeks to provide a
decision-making basis for the government’s future LTC policy.

1.2. Previous Research

Nutall et al. was probably the first researcher to study the future costs of LTC based on disabilities
using the multi-state model [10]. Following this work, many researchers and government organizations
have predicted future cost trends for LTC, and these trends have been calculated at fixed or current
inflation rates or have been shown as a percentage of gross domestic product (GDP). The most common



Sustainability 2019, 11, 3530 30f13

approach is to measure LTC cost by gender or age group and to then apply population projections
to determine future costs, assuming that costs for each gender or age group remain constant. Such
an approach might have some disadvantages; for instance, it may not deal with changes in the cost
of each service unit resulting from inflation, actual increases in staff salaries, or changes in the price
of other items, and it does not take into account the possible changes in demands by gender or age
group [11,12].

A number of researchers around the world have discussed the predictors of future LTC cost. The
European Commission discussed the sensitivity of future LTC cost forecasts in Germany, UK, Italy, and
Spain, where the models included population by dependency rates and the probability of LTC types
and led to a series of scenarios about future LTC cost [13]. The OECD (Organisation for Economic
Co-operation and Development) considered a scenario where government LTC cost is a share of GDP
between 2005 and 2050, and multiple assumptions of income elasticity and cost control were made.
The result showed that LTC cost as a percentage of GDP will increase from 0.9% in 2005 to 2.4-3.1% in
2050 [14]. The Japanese government had put forward another estimation, in which LTC cost was to
rise from 8.9 trillion in 2012 to 18-21 trillion yen in 2025 [15]. The Swedish government, assuming
fixed prices and constant levels of demand by gender and age, came to the conclusion that LTC costs
would enhance by 30% during 2012-2025 [16,17].

In China, research related to LTC, being a relatively new concept, began to rise, with pilot
practices of the LTCI system in Qingdao, Shanghai, Chongqing, and other areas. However, there are
many difficulties in these studies, especially in the empirical research, due to the shortage of official
statistical data and the unified standard of the LTC cost. Therefore, scholars rarely perform empirical
studies on LTC financing; the majority has provided policy suggestions to improve the LTCI system in
China [18]. Empirical studies of LTC demand fall into two main categories: measuring LTC cost using
macro-data such as disability rates [19-23] and discussing LTC service trends using micro-data from
field investigations in various cities, based on such surveys as CLHLS (Chinese Longitudinal Healthy
Longevity Survey, Peking University), SSAPUR (Survey of the Aged Population in Urban/Rural China,
China Research Center on Aging, CRCA), and CHRLS (China Health and Retirement Longitudinal
Study, CHARLS, Peking University) [24-28]. Among them, Activities of Daily Life (ADL) was a very
important and basic indicator for measuring disability levels, which is not an official classification.
This paper refers to the definitions by CRCA [29-34].

Based on the above research, this paper attempts to predict LTC cost demands among the elderly
from 2020 to 2050 in China, on the basis of the changing trends of the disabled elderly in different states
and discusses the government’s ability to meet the LTC demands and the reform directions of the LTC
system in the future. The novelty of this paper is the attempt of a new empirical method—Bayesian
quantile regression (BQR)—in existing research fields. It is organized as follows: In Section 2, the
prediction method for LTC demand and the data sources are presented in more detail. In Section 3, we
show the results including population prediction for LTC demand and future projections of LTC costs
in different states of disability. Section 4 provides a discussion.

2. Materials and Methods

2.1. Prediction Method and Procedures for LTC Demand

Previous research designs have laid a basic research path, which divides calculations and
predictions of the LTC into four steps: the aging population, the demand for LTC, provided services,
and costs of the services provided. Following this basic research path, the research focus of this
paper is to predict the number of disabled elderly in different states and to estimate the amount of
LTC cost through the demand rate of disabled elderly in different states in China during 2020-2050.
The innovation of this paper lies in the application of the new empirical method—Bayesian quantile
regression (BQR)—in the prediction of the number of disabled elderly in different states.
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The first step in this analysis was to measure LTC demands by predicting the number of disabled
elderly in different states for 2020-2050. The different states of the disabled elderly are based on people
over 65 since they are the primary target of LTC. We divided the different states of disabled elderly into
the following three categories: severe disability, moderate disability, and mild disability. This was
based on Activities of Daily Living (ADLs) and was defined as follows: 1-2 lost ADLs: mild disability;
3—4 lost ADLs: moderate disability; 5 or more lost ADLs: severe disability.

Weighted log-linear regression was used to project future dependency trends in most previous
literature studies. Instead, this paper innovatively applied the BOR method, which has many
advantages over the traditional linear regression such as OLS (Ordinary least squares). For example,
quantile regression can offer more additional flexibility than traditional linear regression and Bayesian
ALD approach does assume independent and identically distributed errors [35-37]. These estimates
were, of course, subject to estimated errors. The novelty of this paper is the attempt of a new empirical
method in existing research fields. As we all know, the Bayesian method is mainly used in micro-data
set analysis, such as that of medical experiments. This paper attempts to apply it to macro-data analysis,
although there may be many immature problems that need to be solved in the future. A detailed
mathematical formula derivation of the BQR method can be provided by the R package—bayesQR
for reference.

We used the data from 2003 to 2016 in China and built a regression model for the BQR analysis as
follows (Equation (1)):

log(Yit) = Po + p1log(Xis) + B2 log(Xos) + B3 log(Xze) +--- + & 1)

Equation (1) is composed of four sub-equations, where ¢ refers to the time period and here
refers to 2003-2016. I = 1,2,3,4 (that is, the dependent variables (Y;) represented the different types of
disabled elderly over 65: total disability, mild disability, moderate disability, and severe disability).
The independent variables (X) mainly included chronic diseases (aged over 65), per capita medical
care cost, health technicians (per thousand population), and so on. All variables were subjected to Log
transformation before empirical analysis, in order to reduce dimensional effects.

The following step was to predict the unit price of the service items provided in the future. Unlike
the research of Yang et al. [9] and Mossialos et al. [11], the type of LTC (home-based vs. institutional
care) or the mapping from disability to care setting was not emphasized; the subdivided service items
provided by LTC were of focus (in this way, the composition structure and characteristics of nursing
cost could be explored in detail, which increases the detail and depth of the analysis and increases the
scientificity and accuracy of the projection of future LTC cost). According to the subdivided service
item category of LTC in the American Association of Health Insurance (HIAA) (“health services” and
“psychological nursing” were added on the basis of the OECD and the WHO), the Chinese Elderly
Households and Pension Comprehensive Service (2015), and the Chinese Long-Term Care Survey
Report (2017), LTC services for the elderly were divided into daily life care, basic medical care, and
psychological care, each of which included a number of subdivided service items, which was also
apparent in the LTC insurance (LTCI) pilot practices in Qingdao city.

In China, detailed data on LTC costs are difficult to find. Therefore, this paper adopted the method
by referring to Hongwei et al. [38,39]. The specific approach was made as follows. First, we calculated
the unit price of each subdivided service item in Qingdao in 2016. Second, the unit price of each
subdivided service item in the whole country and in other cities was obtained by comparing the CPI
(consumer price index) of other cities with that of Qingdao. Finally, based on this, the unit price of
each subdivided service item was predicted from 2020 to 2050. In the calculation process, we assumed
that the demand rate of the subdivided service items for the disabled elderly in different states remains
unchanged. We also assumed that, first of all, the demand rate for psychological care for all disabled
elderly people is 100%; secondly, the demand rate of the severely disabled elderly for all service items
is 100%; and thirdly, the demand rate of service items for the moderately disabled elderly is higher
than that for the mildly disabled elderly.
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It should be noted that there were two ways the unit price of each subdivided service item was
predicted. The first way was a direct forward method, which predicts the approximate value of the
future CPI based on previous CPI and then obtains the unit price of each subdivided service item
from 2020 to 2050. The second way was the indirect method. The GDP of 2020-2050 was predicted by
the economic growth prediction model, and the total LTC costs in 2020-2050 were obtained in turn
according to the proportion of the LTC costs to GDP. In this paper, the CPI way was used, and the GDP
method will be considered in a future study for comparison.

2.2. Data Sources

The first step in this analysis was to measure LTC demands by predicting the number of disabled
elderly people in different states for 2020-2050. A BQR model was established, and the data sources of
related variables were as follows. National population data were obtained from the National Bureau
of Statistics in China. We calculated the number of the disabled elderly from 2003 to 2016 based
on the analysis of activities of daily living (ADLs) in China Health and Family Planning Statistics
Yearbook. The data on chronic diseases (aged over 65) were from the China Statistics Yearbook and the
China Health and Family Planning Statistics Yearbook. According to the statistical investigation, the
prevalence rate of chronic disease in the elderly (over 65) has remained relatively stable (538.8%o in
2003 and 539.9%o in 2013). Therefore, this paper used the latest prevalence rate of chronic disease in
2013, based on which the calculated data are basically consistent with those reported by authorities
over the years. The data of per capita medical care cost were obtained from China Health and Family
Planning Statistics Yearbook, the China Insurance Yearbook, and the China Statistics Yearbook. All the
data were calculated at the current price. In particular, the data (after 2013) were obtained directly from
the survey data of the National Bureau of Statistics of China, and the data (in and before 2013) were
weighted according to the proportion of urban to rural population. The data on health technicians (per
thousand population) were directly from the China Health and Family Planning Statistics Yearbook,
where the molecule was the sum of medical personnel and nurses, and the denominator was the
number of permanent residents. Finally, all variables were Log transformed before model regression,
in order to reduce dimensional effects, minimize linearization, and normalize requirements.

The following step was to predict the unit price of the service items provided in the future. The
subdivided service item category of LTC mainly refers to the American Association of Health Insurance
(HIAA) and China’s Long-Term Care Survey Report (2017). The statistics of nursing service demand
content, the potential demand proportion, the effective demand proportion, the project unit price, and
other parameter information were mainly from CLHLS (Chinese Longitudinal Healthy Longevity
Survey, Peking University), SSAPUR (Survey of the Aged Population in Urban/Rural China, China
Research Center on Aging (CRCA)), and CLASS (China Longitudinal Aging Social Survey).

Chinese currency, when used, was converted to USD at a fixed exchange rate of 6.8:1.

3. Results

3.1. Population Prediction for LTC Demand

From the BQR analysis, it was found that there was a relatively stable proportional relationship
between chronic diseases and disabled elderly, which changed in the same direction. Therefore, the
demand space for LTC for the elderly in China can be predicted by the scale of chronic diseases in
the future.

The first step was to estimate the coefficient relationship between disability and chronic diseases
by BOR. As shown in Figure 1, there was a relatively stable proportional relationship between chronic
diseases and disabled elderly in different states.
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Estimation results of Bayesian quantile regression

0.2 -

Chronic diseases -Mild disability Chronic diseas

Vioderate disability Chronic diseases -Severe disability
B Estimate value in median M Estimate value in lower limit M Estimate value in upper limit

Figure 1. Parameter estimation results of Bayesian quantile regression (BQR) methods (tau = 0.5/mean).
Note: All of the outcomes of Quantile Regression had credible intervals of 95%; the coefficient of
estimated regression represents the elastic relationship between the dependent variable and the
independent variable, since all the variable data were logicized in advance.

BOR not only provided the estimates on all the quantiles, but also provided upper and lower
values of a certain confidence interval in a particular quantile. More noteworthy, BOR provided a
reasonable trend in elastic relationships; for example, our results revealed that the number of mildly
disabled individuals increases by about 0.47%, when chronic diseases increase 1% (as shown in the
first figure in Figure 1).

The second step was to predict the scale of the disabled elderly (the aged over 65) in China from
2020 to 2050 (based on the regression results of the quantile = 0.5).

As shown in Table 1, the number of severely disabled individuals will reach to 7.773 million
in 2020, 12.99 million in 2035, and 15.41 million in 2050, which were basically consistent with the
predictions obtained by Xu and Chen [23] and the CWCA (China Working Committee on Aging).
Furthermore, Table 1 also showed the number range (high and low) of different disabled states, which
provided the scientific basis for the future implementation of LTC policy.

Table 1. Prediction of the disabled elderly (the aged over 65) in China during 20202050 (unit:
1000 people).

Chronic Mild Disability Moderate Disability Severe Disability
Year  Elderly Disease Median High Low  Median High Low  Median High Low
2020 174,355 94,134 26,256 45,242 7291 5632 9704 1563 7773 13,394 2158
2025 199,469 107,693 30,038 51,758 8341 6443 11,102 1789 8893 15324 2469
2030 241,196 130,221 36,322 62,586 10,086 7791 13,424 2163 10,754 18,530 2986
2035 291,350 157,299 43,875 75600 12,183 9411 16,216 2613 12,990 22,383 3607
2040 326,922 176,505 49,232 84,830 13,671 10,560 18,196 2932 14,576 25,115 4047
2045 337,008 181,950 50,750 87,447 14,092 10,886 18,757 3022 15,025 25,890 4172
2050 345,683 186,634 52,057 89,698 14455 11,166 19,240 3100 15412 26,557 4279

Note: The data on the elderly are based on predictions from “World Population Prospects: The 2017 Revision of The
UN Department of Economic and Social Affairs”.

3.2. The Types and Demand Rates of LTC Service Items for Disabled Elderly in Different States

According to the subdivided service item category of LTC in the American Association of Health
Insurance (HIAA) (“health services” and “psychological nursing” were added on the basis of the
OECD and the WHO including them), the Chinese Elderly Households and Pension Comprehensive
Service, and China’s Long-Term Care Survey Report (2017), the elderly LTC services can be divided
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into daily life care, basic medical care, and psychological care, each of which includes a number of
subdivided service items, which was also shown in the LTCI pilot practices in Qingdao city.

The requirement level of nursing varies with the degree of disability. Therefore, it is necessary to
analyze the demand ratio of each item in different disability states in order to calculate the itemized
care cost in detail. Data results were collected by the Chinese Elderly Households and Pension
Comprehensive Service (2015). Data may be slightly erroneous, but this does not affect the actual
research. It should be noted that the results of some small nursing services items were the same,
which is mainly due to the fact that the contents of each small item were close to each other during
the survey and were integrated into each question. In addition, this part of the study followed the
basic assumptions mentioned in Section 2.1, which were reflected in Figure 2. As Hong-Wei [39]
mentioned, the elderly have a certain degree of stability in the demand for different LTC services,
and the fluctuation is small. Therefore, this paper assumes that the demand ratio was basically stable
during the forecast period.

LTC sub-item demand rates for different disabled states

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

mMild disability m®moderate disability ™ severedisability

Figure 2. Long-term care (LTC) sub-item demand rates for different disabled states.

3.3. Future Prediction for the Unit Price of Each Long-term Care Service Item

The first step was to calculate the current unit price of each LTC service item. The unit price of
LTC service items in Qingdao was used as a basis. Qingdao was the earliest and most successful LTCI
pilot city in China, and its LTC cost level is a good reference. The CPIs (consumer price indexes) of the
nation and of Qingdao were compared, and the pricing standard of LTC service items nationwide was
then obtained. In view of the fact that prices of LTC service items are typically set annually rather than
each time in real life, unit prices used in the following studies refer to the costs listed in the last column
(each year) of Table 2.

The second step was to predict the unit price of each LTC service item based on the CPI from 2020
to 2050. First, a simple forecast of the CPI for 20202050 is needed. This is obtained by smoothing
the CPI in previous years used the moving average (MA) method. The advantage of the MA method
is that it can predict the long-term trend of a sequence according to trend line analysis, where the
influence of periodic and random fluctuations is eliminated, although some limitations were inevitable.
It was found that 2% of the CPI is quite reasonable. Of course, bias was unavoidable. Second, the unit
price of each LTC service item (from the first step) was multiplied by the ratio of the future and current
CPIs, and the unit price of each LTC service item from 2020 to 2050 was obtained.
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Table 2. The unit price of each long-term care (LTC) service item from 2020 to 2050 (dollars/year).
2016 2016 2020 2035 2050
Items Quantity
Charge Standard Demanded Annual Cost (dollars/year)
Daily Life Care: 872.56

(1) meal aid 2.2 dollars/day 200 days/year 440 487.09  655.54  882.26
(2) bath aid 1.17 dollars/time 50 times/year 58.5 64.94 87.4 117.63
(3) walking aid 1.17 dollars/time 50 times/year 58.5 64.94 87.4 117.63
(4) instrument modification 0.73 dollars/time 12 times/year 8.76 9.74 13.11 17.64
(5) assist in changing clothes 0.73 dollars/time 200 times/year 146 162.36 218.51 294.08
(6) excretion care 0.585 dollars/time 100 times/year 58.5 64.94 87.4 117.63
(7) laundry 0.44 dollars/ barrel 50 barrels/year 22 24.35 32.77 44.11
(8) cleaning 0.73 dollars/time 60 times/year 43.8 48.70 65.55 88.22
(9) accompany shopping 0.73 dollars/time 50 times/year 36.5 40.59 54.62 73.52

Basic Medical Care: 526.4
(1) rehabilitation . .

. 1.17 dollars/time 300 times/year 351 389.67 524.43 705.81
physiotherapy
(2) escort to medical 2.94 dollars/time 10 imes/year 294 3247 437 5881
treatment
(3) medication services 0.73 dollars/time 200 times/year 146 162.36 218.51 294.08

Psychological Nursing: 735

(1) psychological counseling 7.35 dollars/time 60 times/year 441 730.64 983.31  1323.39
(2) spiritual care includes 294 dollars/time 100 times/year 294 32472  437.02  588.17

condolence activities, etc.

As shown in Table 2, in 2016, the total LTC cost was about $2133.96 a year, which was equivalent
to 1.1% of the per capita public financial expenditure and 0.25% of the per capita GDP, while the LTC
cost of OECD was 1.6% of the per capita GDP in the same period. The cost of psychological counseling
and meal aid accounts for the largest proportion, and nursing amounted to about $441 and $440 a year,
while the cost of instrument modification was only $8.86 a year, which can be ignored. Assuming that
this proportion remains stable, the cost of psychological counseling and meal aid accounts will reach
about $1323.39 and $882.26 a year, respectively, in 2050.

3.4. Future Projections of LTC Costs in Different States of Disability

The objective of this study was to predict LTC costs in different states of disability in the future.
After the analyses of Sections 3.1 and 3.2, the number of disabled elderly in different states was
multiplied by the rate of demand for LTC service items among different states of disability, and
then multiplied by the unit price of each LTC service item. The LTC costs from 2020 to 2050 were
thus obtained.

As shown in Tables 3-5, in 2020, the median level of LTC cost for mild disability, moderate disability,
and severe disability will reach 39.46 (daily life care: 7.3, basic medical care: 4.45, psychological nursing:
27.7), 8.98 (daily life care: 1.77, basic medical care: 1.27, psychological nursing: 5.94), and 20.25 (daily
life care: 7.51, basic medical care: 4.54, psychological nursing: 8.2) billion dollars, respectively. In
2035, the median level of LTC cost for mild disability, moderate disability, and severe disability will
reach 88.76, 20.21, and 45.57 billion dollars. Among them, the median level of daily life care for mild
disability, moderate disability, and severe disability will reach 16.42, 3.98, and 16.91 billion dollars. In
2050, the median level of LTC cost for mild disability, moderate disability, and severe disability will
reach 141.7, 32.28, and 72.78 billion dollars. Among them, the median level of daily life care for mild
disability, moderate disability, and severe disability will reach 26.23, 6.36, and 27 billion dollars. (see
Figure 3)
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Table 3. Total LTC cost for each item in 2020 (billions).
. e 1. Moderate e 1.
Items Mild Disability Disability Severe Disability
M H L M H L M H L
Daily life care 73 1258 202 177 3.05 048 751 1295 208
(1) meal aid 548 944 152 128 221 035 378 652 1.05
(2) bath aid 0.2 034 005 0.05 009 0.01 0.5 0.86 0.14
(8) walking aid 026 046 0.07 0.06 0.1 0.02 0.5 0.86 0.14
(4) instrument modification 003 006 0.01 001 0.02 0003 007 013 0.02
(5) assist in changing clothes 067 116 018 015 026 004 126 217 035
(6) excretion care 026 046 0.07 0.06 0.1 0.02 0.5 0.86 0.14
(7) laundry 008 013 0.02 003 006 0.01 018 032 0.05
(8) cleaning 0.16 028 004 006 011 002 037 065 0.1
(9) accompany shopping 012 021 003 003 005 001 031 054 0.08
Basic medical care 445 767 123 127 219 035 454 782 125
(1) rehabilitation 283 487 078 081 139 022 3.02 522 083
physiotherapy
(2) escort to medical treatment 023 04 006 006 011 002 025 043 0.07
(3) medication services 1.38 239 038 039 068 011 126 217 0.35
Psychological nursing 277 4774 7.69 594 1023 1.64 82 1413 227
(1) psychological counseling 19.18 33.05 532 411 708 114 567 978 157
(2) spiritual care including 852 1469 236 182 315 05 252 434 07
condolence activities
Total cost 3946 68 1095 898 1548 249 20.25 3491 5.61
Note: M, H, and L respectively express median, high, and low.
Table 4. Total LTC cost for each item in 2035 (billions).
. . e1s Moderate . e1s
Items Mild Disability Disability Severe Disability
M H L M H L M H L
Daily life care 1642 2831 455 398 6.87 1.1 1691 29.14 4.68
(1) meal aid 1232 2123 342 289 499 0.8 851 1467 236
(2) bath aid 045 078 012 013 022 0.03 113 195 031
(8) walking aid 061 104 017 014 024 003 1.13 195 031
(4) instrument modification 0.08 014 002 0.02 004 001 016 029 0.04
(5) assist in changing clothes 151 261 042 0.35 0.6 0.09 283 488 0.78
(6) excretion care 061 104 016 014 024 003 1.13 195 031
(7) laundry 0.18 031 0.05 007 013 0.02 042 073 0.11
(8) cleaning 036 0.63 0.1 015 026 0.04 08 146 0.23
(9) accompany shopping 028 049 007 007 012 0.02 071 122 019
Basic medical care 10.02 1726 278 286 493 0.79 1021 176 2.83
(1) rehabilitation 636 1097 176 182 314 05 681 1173 1.89
physiotherapy
(2) escort to medical treatment 053 091 0.14 014 025 004 056 097 0.15
(3) medication services 312 538 08 089 154 024 283 4838 0.78
Psychological nursing 6231 10737 173 1336 23.03 3.71 1844 3178 5.12
(1) psychological counseling 4314 7433 1197 925 1594 256 1277 2201 354
(2) spiritual care including 1917 3303 532 411 708 114 567 978 157
condolence activities
Total cost 88.76 15295 24.63 2021 3484 5.6 4557 7853 12.64

Note: M, H, and L respectively express median, high, and low.
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Table 5. Total LTC cost for each item in 2050 (billions).
. e 1. Moderate e 1.
Items Mild Disability Disability Severe Disability
M H L M H L M H L

Daily life care 2623 452 728 636 1097 1.76 27 4654 749

(1) meal aid 19.68 3391 546 462 797 128 1359 2342 3.77

(2) bath aid 072 1.24 0.2 0.2 035 005 1.81 3.12 0.5

(8) walking aid 096 167 026 022 038 006 181 312 0.5

(4) instrument modification 012 022 0.03 004 007 001 027 046 0.07

(5) assist in changing clothes 242 417 067 056 09 015 453 78 125

(6) excretion care 096 167 026 022 038 006 181 312 0.5

(7) laundry 0.29 0.5 008 012 021 003 067 117 0.18

(8) cleaning 058 1.01 016 024 042 006 135 234 037

(9) accompany shopping 045 078 012 011 019 0.03 113 195 031

Basic medical care 16 2757 444 457 7.88 127 1631 28.11 452

(1) rehabilitation 1016 1751 282 291 502 08 1087 1874 3.1

physiotherapy

(2) escort to medical treatment  0.84 146 023 0.23 04 006 09 1.56  0.25

(3) medication services 498 859 138 142 246 039 453 7.8 1.25

Psychological nursing 99.51 1714 27.63 2134 36.77 592 2946 50.76 8.17

(1) psychological counseling 68.89 118.7 19.12 14.77 2546 4.1 20.39 35.14 5.66

(2) spiritual care including 3061 5275 85 656 1131 1.82 9.06 1561 251
condolence activities

Total cost 141.7 2442 3935 3228 55.64 895 7278 12541 20.2

Note: M, H, and L respectively express median, high, and low.
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Figure 3. LTC cost of each sub-item for different disabled states in 2050.
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Meanwhile, LTC cost under different LTC levels was found. In 2050, the daily life care cost under
different LTC levels was projected to be $27 billion at the median level, $46.54 billion at high level and

$7.49 billion at the low level.

4. Discussion

The aging of the population has led to the huge challenge of solving the LTC needs of the
elderly in China. As a complex issue, the development of demand for LTC services depends on the
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prevalence of disability in the population, economic factors, institutional environment, preferences,
family structures, and their interactions. Correspondingly, financing supply, which should meet the
LTC cost demands, is one of the most important research topics. Therefore, the measurement of LTC
cost is a necessary subject.

Follow the basic framework and steps of previous research designs, which divided the calculations
and predictions of LTC into four steps—the aging population, the demand for LTC, provided services,
and costs of the services provided—we predicted the LTC demands among the elderly from 2020 to
2050 in China on the basis of the changing trend of the disabled elderly in different states and expected
to provide a decision-making basis for the government’s future LTC policy.

However, different from previous literature that mostly used weighted log-linear regression
method, we attempted to use a different empirical method, Bayesian quantile regression (BQR),
which has many advantages over traditional linear regression. Another innovation is that we set and
measured the high, middle, and low levels of LTC cost prediction for each disability state among the
elderly. Therefore, the theoretical significance of our study is that it provides a different and referential
way to predict future LTC costs.

Our projections of future LTC cost suggested that, based on our core assumptions, the LTC cost
will increase to $39.46, 8.98, and 20.25 billion in the median level for mild disability, moderate disability,
and severe disability, respectively, in 2020 ($68.69 billion dollars for all disabled elderly), and this
number will reach $141.7, 32.28, and 72.78 billion in 2050 accordingly ($246.76 billion for all disabled
elderly). The median level of daily life care for mild disability, moderate disability, and severe disability
will increase to $26.23, 6.36, and 27 billion. These results are similar to previous studies. For instance,
Hong-Wei [39] predicted LTC would reach RMB 1601.8 billion yuan (that is, about USD $235.56 billion
converted by the fixed exchange rate 6.8:1) in 2050. Fengyue and Junko [33] predicted that LTC would
reach RMB 251.5 billion yuan (that is, about USD $36.98 billion converted by the fixed exchange rate
6.8:1) in 2020. Of course, differences in research results were inevitable because of differences in
forecasting methods and assumptions. Our predictions are based on our predictions of the number
of different states of disabled elderly through a different empirical method, namely BOR, and some
important assumptions: for example, that the elderly have a certain degree of stability in the demand
for different LTC services and that the fluctuation is small. Therefore, this paper assumes, among other
things, that the demand ratio will be basically stable during the forecast period.

In addition to the above theoretical significance, our research also has some practical and policy
significance. Our results showed that future increases in LTC cost will be enormous, so the establishment
of a reasonable individual-social-government payment mechanism is necessary for the LTC system.
The current LTCI pilot in China still needs to be improved and deepened in order to promote the
popularization of the LTCI system in all regions of the country. In particular, the design of the LTCI
system must take into account a variety of factors, including the future elderly population, the ratio
of the disabled to the total population, the level of wages and retirement, different care conditions,
commercial insurance payment, and the financial burden of the government, in order to maintain
the sustainable development of LTC in the future. In addition, considering that the supply of LTC
costs may not meet the demand, commercial private LTC insurance may also exist as a beneficial
supplement to the government LTCI system.

5. Conclusions

In summary, our research attempts to introduce the BQR model for the projection of LTC cost
in China. To obtain interesting conclusions, there must be little error or omissions. This needs to be
addressed in future studies. For example, a different conclusion would be obtained if the assumptions
of the demand ratio of LTC and CPI changed. In terms of research samples, it can be also further
conducted a comparative analysis and heterogeneity analysis for the LTC cost projection in regions
with different levels of economic development.
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