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Introduction: The literature on the impacts of long-term care insurance (LTCI)
on medical expenses has primarily focused on beneficiaries or all older adults,
leaving theoretical analysis and the effects of LTCl on the ineligible group
unexplored. This study investigates the indirect effects of LTCI| on the hospital
expenditures of disabled individuals who are ineligible for benefits in China.
Methods: Based on Becker's household production function, we construct a
theoretical model to analyze the impacts of LTCI on the hospital expenditures
of disabled individuals, both eligible and ineligible. Furthermore, we leverage a
quasi-experimental design focusing on the regional variation in the rollout of LTCI
in the first round of national pilot cities and employ a difference-in-difference
(DID) approach to identify the causal effects of LTCIl on the hospital expenditures
of ineligible disabled individuals, using the unbalanced panel data combined
with four waves' survey data of China Health and Retirement Longitudinal Study
(CHARLS) in 2011, 2013, 2015, and 2018 and the corresponding years' statistical
data of China Urban Statistical Yearbook.

Results: Theoretically, we find that LTCI will affect the hospital expenditures of
ineligible disabled individuals through a negative substitution effect, a positive
output effect, and a negative health effect, just as the effects observed in
their eligible counterparts, leading to an ambiguous total effect. Empirically,
we demonstrate that the implementation of LTCI in the first round of national
pilot cities has reduced the number of hospitalizations, the total inpatient
expenditure, and the out-of-pocket (OOP) inpatient expenditure among
ineligible disabled individuals. The effects of LTCI on the hospital expenditures
of ineligible disabled individuals are larger among middle-aged or urban groups,
and are concentrated in schemes with coverage only of urban employee
basic medical insurance, larger beneficiary population, higher reimbursement
ceilings, and benefits only in kind. All three mechanisms, including output effect,
health effect, and the substitution effect of formal care, are verified, while the
substitution effect of informal care remains unclear.

Conclusion: This study provides both theoretical and empirical evidence for
the stepwise expansion and nationwide coverage of LTCl in China. The findings
may also have policy implications for the establishment and development of
long-term care (LTC) systems in other middle-income and developing countries
confronted with increasing demand for LTC.
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Introduction

As one of the fastest aging countries in the world, China is
experiencing a growing disabled population, which has created a
widening gap between the demand for long-term care (LTC) and the
available supply, and also an ever-rising medical expenditure.
Furthermore, the inflation of medical expenses is exacerbating as
disabled individuals, who are actually in need of LTC, inefficiently use
medical services, especially hospital care. To better meet the LTC
needs of disabled individuals, effectively control the rising medical
expenses, and achieve a more efficient allocation of medical resources,
the Chinese government declared to pilot long-term care insurance
(LTCI) in 15 cities in June 2016. Meanwhile, as key pilot provinces,
Jilin and Shandong could choose other cities within the province to
pilot LTCI. Given this context, it is crucial to assess whether LTCI can
reduce the medical expenditures for disabled individuals and achieve
its goal of cost control.

The existing literature has not reached a consensus conclusion on
the effects of LTC systems on medical expenses. The majority indicate
that LTCI has reduced hospital utilization and hospital expenditures.
In the US, Home- and Community-Based Services supplied by
Medicaid are significantly correlated with a lower risk of
hospitalization, though the effectiveness of some services diminishes
over time (1). In Korea, the number of hospitalizations and the length
of stay for LTCI beneficiaries have significantly reduced (2). In Spain,
reforms to the LTC system have expanded public subsidization for
LTC, which significantly reduced the hospital utilization among
beneficiaries, including those receiving caregiving allowances and
those opting for publicly funded home care, leading to an overall cost
reduction of 11% (3). The LTCI pilot in China has significantly
decreased outpatient and inpatient expenditures among the middle-
aged and older adult population (4-6). However, McKnight (7) finds
that the reform imposing strict average per-patient reimbursement
caps in the US Medicare program has resulted in a significant decrease
in the supply of home care services but has no impact on medical
expenditures. Furthermore, Yu et al. (8) observed that after the
implementation of LTCI in Qingdao, per capita medical expenses
quickly rebounded and had been growing continually, following a
brief decline. In summary, the existing literature has focused on
beneficiaries or the whole population, leaving the effects of LTCI on
medical expenditures among ineligible individuals unclear,
theoretically and empirically.

Based on Becker’s household production function, we construct a
theoretical framework to analyze the impacts of LTCI on medical
expenditures among eligible and ineligible individuals. Disabled
individuals, compared to their non-disabled counterparts, have an
additional demand for a specific commodity: health related to their
activities of daily living (HA), which should be produced in the
household production with the investments of not only care services
(such as LTC and hospital care) but also the non-market time of
households. For the eligible, LTCI will directly lower the real price of
LTC. Furthermore, it will reduce the non-market time needed to
produce one unit of HA by increasing the supply of formal LTC
services. Both changes will influence the household production
process of HA, thereby generating substitution and output effects on
its input factors, including hospital care. The substitution effect will
reduce reliance on hospital care in household production, lowering
hospital expenditures. Conversely, the output effect will increase the
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input of hospital care, resulting in higher hospital expenditures. In
addition, LTCI can also enhance the production and consumption of
HA, thereby improving the average HA level and overall health and
generating a health effect. The health effect will reduce the input of
hospital care and hospital expenditures. For the ineligible individuals,
despite not receiving LTCI benefits and the real price of LTC
remaining unchanged, LTCI will still reduce the non-market time
required to produce one unit of HA by increasing the supply of formal
LTC services. Consequently, it will also influence the utilization of
hospital care and hospital expenditures among ineligible individuals
through substitution, output, and health effects.

According to theoretical analysis, we examine the effects of LTCI
on the hospital expenditures of ineligible individuals and then test the
mechanisms through which LTCI exerts its effects, using the unbalanced
panel data combined with four waves’ survey data of CHARLS in 2011,
2013, 2015, and 2018, and the corresponding years’ statistical data of
China Urban Statistical Yearbook. First, we carefully identify ineligible
individuals based on the dependency assessment scales, eligibility
criteria, and the covered public medical insurance schemes of LTCI in
the first round of pilot cities. Then, we apply a DID approach to examine
the causal effects of LTCI on the hospital expenditures of ineligible
disabled individuals. We demonstrate that the implementation of LTCI
in the first national pilot cities in China has led to a decrease in the
number of hospitalizations, the total inpatient expenditure, and the
OOP inpatient expenditure among ineligible disabled individuals, but
the effect on the probability of being hospitalized remains ambiguous.
The impacts appear to be stronger among middle-aged or urban groups,
and have been concentrated in schemes with coverage only of urban
employee basic medical insurance, larger beneficiary population, higher
reimbursement ceilings, and benefits only in kind. The output effect,
health effect, and the substitution effect of formal care are verified, while
the substitution effect of informal care remains unclear.

This study makes several contributions to the literature. Firstly,
we provide a new theoretical explanation for the effects of LTCI on
medical expenses among both eligible and ineligible individuals,
which has not been examined theoretically to the best of our
knowledge. Secondly, we provide empirical evidence demonstrating
the significant negative effects of LTCI on medical expenditures
among ineligible individuals. Thirdly, we verify the mechanisms
through which LTCI influences the hospital expenditures of ineligible
individuals. Finally, our findings regarding the indirect effects of LTCI
on the hospital expenditures of ineligible individuals add new
theoretical insights and empirical evidence for the indirect effects of
government public policies on ineligible groups.

Theoretical framework
Theoretical model

According to the household production function proposed by
Becker (9), fundamental human needs are not market goods, but
commodities such as sleep and health. These commodities directly
contribute to consumers’ utility and should be included in the utility
function directly. However, consumers cannot simply purchase these
commodities in the market. Instead, they should produce them through
the productive activities of households, combining the purchased
market goods and services and their own non-market time. Therefore,
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consumers demand for market goods is their induced demand for
commodities. In this framework, the demand for LTC services is
induced from the demand for HA, the unique health demand related
to the activities of daily living of disabled individuals. Consequently, it
should be produced through the productive activities of households,
combining LTC and the non-market time of household members.

We consider a simple model of a representative household with a
disabled individual to analyze how the implementation of LTCI affects
hospital expenditures among eligible and ineligible disabled
individuals. In this representative household, the disabled individual
is a recipient of LTC, and the other household members are healthy,
offering care themselves or assisting the disabled individual in
searching for, purchasing, and utilizing formal LTC. All members are
altruistic and highly interdependent with each other, ensuring that
their utility functions are aligned. The household derives utility from
various commodities, expressed through the following utility function:

U:U(Z,HA) (1)

Where HA stands for activities of daily living, an essential aspect
of health, and Z represents all the other commodities required by the
household except for HA.

The household produces commodities Z and HA according to the
following household production functions:

Z =Gy (X, TX:E) Q)

HA =Gy (M,TM,F,TF;E) (3)

In Equations 2, 3, where X denotes a vector of market goods and
services, M is a vector of inpatient medical care, namely the
inpatient disease treatment and nursing care provided by
comprehensive or specialized hospitals, F represents LTC,
representing institutional care and hospital care provided by
designated care service institutions such as hospitals which
integrated eldercare services with medical care, nursing homes, and
community nursing centers, or home care offered by relatives,
neighbor, and friends, etc. Accordingly, TX, TM, and TF are the
non-market time invested by the household in producing
corresponding commodities. Finally, E represents the environmental
variables that influence household production, reflecting the
technology level of the household production process.

The household production faces the dual constraints of income
and time:

I=PxX+PyM+PsF=wTW+V (4)

T=TX+TM+TF+TW (5)

Where Py, Py and Pr are the prices of X. M, and F, respectively,
W is the income earned per unit of working time, TW is the working
time, V represents nonwage income, and T represents the total
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disposable time. Furthermore, we can collapse Equations 4, 5 into a
single full income constraint, as specified in Equation 6:

S=wT+V =(wTX+PxX)+(wIM+PyM)+(wTF +PgF) (6)

The household aims to maximize the utility given by Equation 1
subject to the constraints of the household production functions (2)
and (3), as well as the full income constraint (6). The Lagrangian can
be expressed by the following Equation 7:

L=U(Z,HA)-
A[(WTX + PyX)+(wIM+PyM)+(wIF+PpF)-S] (7
First-order optimality conditions for the commodities are:
w—dTX +P ax
MUz _ iz “dz Tz (g
MUHA WdTM+PM dM 4 WdTF +PF dF TTHA
dHA dHA dHA dHA

Where MU, and MUy, are the marginal utilities of the

commodities Z and HA, dﬂ d—X dn il

> o > ) , an
dZ dZ dHA dHA dHA

dTF
dHA

represent the productivity of each input in producing Z or HA, while
7y and 7y, are shadow prices. In equilibrium, the ratio of the
marginal utilities brought by Z and HA must equal the ratio of their
respective shadow prices.

Similarly, the first-order conditions for the optimal inputs of all
factors in household production are:

v oz
0Z of g MUy MPpy

2
_ B 9)
OU OHA ~ MUy MPp; Py,

OHA 0Of

Where f is the factor k put into the household production of
commodity Z, and fy; is the factor ] used in producing commodity

U oz . 0U OHA
0Z Ofzr  OHA Ofu

represent the increased utilities brought

by one unit increase in the input of production factor k and /, that is,
the marginal utility of the production factor. In equilibrium, the ratio
of the marginal utilities brought by two factors must equal the ratio of
their respective prices. In particular, if both factors are put into the
production of one commodity, for example, considering only M and
Fin producing HA, the equilibrium condition 9 will reduce to:

oU OHA
OHA oM _MUpaMPy _ MPy _ Py
O0U 0HA  MUpsMPr MPz P
OHA OF

(10)
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And to determine the optimal inputs of M and TF in the
production of HA, the Equation 9 becomes:

U cHA
OHA oM _ MUpaMPy _ MPy _ Py
OU OHA  MUysMPrp  MPrp w
OHA OTF

(11)

In conclusion, the demands for inpatient medical care and LTC of
disabled individuals are derivative demands for HA. Therefore, the
implementation of LTCI will not only directly affect the inputs of
factors during the household production process of HA but also
indirectly influence these inputs by changing the consumption of HA
in the consumption process of commaodities.

The impacts of LTCI on the hospital
utilization of eligible individuals

In the pilot cities, LTCI primarily provides benefits by reimbursing
the LTC expenses incurred by disabled individuals in designated
institutions or subsidizing family caregivers with caregiving
allowances. Therefore, the real price of LTC decreases consequently to
(1 -p )Pp when the reimbursement or subsidy ratio is 5. Moreover,
the implementation of LTCI has the potential to improve the
productivity of TE Before the implementation of LTCI, households
often spent a lot of time searching for, waiting for, and transporting to
LTC services due to the supply-demand contradiction. This situation
has been changing following the implementation of LTCI. Both the
government and society have been increasing their investments in
formal care services, leading to a significant rise in the availability of
these services, particularly community- and home-based care (10).
Consequently, the time households spend searching for, waiting for,
and transporting to formal care services has decreased. This reduction
in time means that the amount of time required for households to

and

produce one unit of HA declines, resulting in a decrease in
an increase in MPrp.

Firstly, when considering only the impacts of LTCI on the
production process of HA, the implementation of LTCI will reduce Pr

to (l—ﬂ)PF and improve MPrg to MP}F (MP}F > MPrg), thus

MP, P, MP, P
changing Equations 10, 11 to —Y- < M__ and =M M

MPp  (1-p)Pg MPrp W

respectively. Ceteris paribus, households will allocate more F and TF,

meaning they will invest more LTC and related non-market time in
the household production of HA until the ratio of marginal production
(M and F, or M and TF) equals the ratio of their prices.

Secondly, when further considering the effects of LTCI on the
consumption of HA and the subsequent impacts on its production
process, there will be two changes. On the one hand, both the decrease
of Pp and the increase of MPrg will lower the shadow price 7y,
MU VA VA

<
MUpys  7ya

, and thus enable households

changing Equation 8 to

to consume more HA. On the other hand, the price index of all
commodities 7 declines due to the decrease of 74, leading to an
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increase in real full income S/ 7z, enabling households to increase their
demands for HA (as well as all other normal commodities). In
summary, LTCI will increase the demand for and consumption of HA,
resulting in more inputs of all the factors in its production process,
including hospital care.

Figures 1, 2 show the impacts of LTCI on hospital utilization
among eligible individuals. Before the implementation of LTCI, in
Figure 1, the equilibrium point of commodities for the representative
household is E;, where the isoquant U; intersects with the budget line
BC, and the corresponding consumption of HA is HA,. In Figure 2, to
produce HA, the required inputs for inpatient care and LTC are M,
and F,, respectively. After LTCI is implemented, when considering
only its impacts on the production process of HA, in Figure 2, the
iso-cost line BC rotates outward to BD. When further considering the
effects of LTCI on the consumption of HA and the subsequent impacts
on its production process, in Figure 1, the budget line BC rotates
outward to BD, which is tangent to the new isoquant line U, at the new
equilibrium point E,, leading to an increase in HA consumption from
HA, to HA,. This shift raises the iso-cost line from BD to QR in
Figure 2. The new iso-cost line QR and the isoquant line HA, are
tangent at the new equilibrium point E, (Note that the equilibrium
point E, may fall at any position on the line segment QR). In summary;,
the direct impacts of LTCI on LTC and hospital care for eligible
individuals can be divided into the substitution effect and output effect.

The substitution effect will enable disabled individuals to replace
inpatient medical care with relatively lower-priced LTC in the
production of HA, thereby increasing the inputs of LTC from F, to F;
and reducing the investments in hospital care from M, to M,
maintaining HA,; unchanged.

The output effect will increase HA, to HA,, thereby increasing the
inputs of both LTC and hospital care, from F; to F, and M; to M,,
respectively, due to both the decrease in real costs in the production
of HA and its increased consumption, under the condition that the
relative price of LTC and hospital care remains unchanged.

v i

H4» C D

FIGURE 1

The effects of LTCI on the consumer equilibrium of commodities
among disabled individuals. The X-axis represents commodity HA
and the Y-axis indicates commodity Z. U; and U, are indifference
curves while BC and BD are budget lines.
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HA;

F+TF

>

F+TF, D R

0
Fi+TF; Crs+1Rs L

FIGURE 2
The effects of LTCI on the producer equilibrium of HA among
disabled individuals. The X-axis represents F and TF,and the Y-axis
indicates M and TM in the household production of HA. HA; and HA,
are isoquants, while BC, BD, and QR are iso-cost lines.

In addition, LTCI also has a health effect, which indirectly reduces
the inputs of both LTC and hospital care in the production process of
HA by improving the overall health level. As discussed above, LTCI
will increase HA, to HA, in both the consumption and production
processes of HA, indicating an improvement in the ability to perform
daily activities. Furthermore, different dimensions of personal health
are not independent of each other but interdependent intricately (11,
12). Psychological distress can manifest through physical symptoms
such as pain, fatigue, and nausea (13-15). Older adult patients
experiencing pain are more likely to suffer from depression and self-
report as unhealthy (15). Consequently, LTCI will also enhance
various health outcomes, including psychological and other
dimensions of physiological health, thereby boosting their overall
health level and generating a health effect.

The productivity improvement of TF and
the indirect impacts of LTCI on ineligible
individuals

In China, LTCI is still in its early stages, so its coverage of the
system is limited. Some disabled individuals, especially most of those
who only have difficulties in instrumental activities of daily living
(IADLs), do not qualify for the benefits. However, they may still
benefit from LTCI if the productivity of TF has improved. Since LTCI
will increase the supply of formal LTC services, especially community-
and home-based care, and all designated institutions for LTCI can also
provide services to the ineligible, the time spent searching, waiting,
and transporting will drop subsequently. As a result, the needed
nonmarket time TF for the ineligible to produce one unit of HA
decreases, meaning the productivity of TF improves.

For ineligible disabled individuals, firstly, when considering only
the impacts of LTCI on the production process of HA, the
implementation of LTCI will improve MPrr to MPrr (MPrg > MPrp),

MPy Py
leading to MPyy
in the household production of HA, and the use of LTC will increase

w . Ceteris paribus, households will use more TF

accordingly for the complementary relationship of the two factors TF
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and F. Secondly, when further considering the effects of LTCI on the
consumption of HA and the resulting impacts on its production

process, as decreases, 7y, drops, changing Equation 8 to

MUy < ”—Z. In addition, as 74 drops, 7 falls, S/ 7 rises, and the
MUpy  7Ha
demand for and consumption of HA increase subsequently, resulting
in increased inputs of all factors in its production process, including
hospital care. Therefore, LTCI can also affect the hospital expenditures
of ineligible disabled individuals through substitution, output, and
health effects.

There may be concern that the effect of LTCI may be too modest
to affect ineligible individuals. However, if the relative effects of
income and time constraints are involved, for households with
lower income and higher time constraints, there could be significant
effects. Such households are not uncommon in China nowadays.
For instance, a survey conducted in the Xincheng District of Beijing
shows that 45% of older adult care services are provided through
hiring nannies (16), indicating that these households primarily face
time constraints rather than income constraints when selecting care
options. Although the urban areas of Beijing cannot represent the
general situation nationwide, it is worth noting that the survey was
conducted from 2004 to 2005, and the income level of Chinese
residents has considerably improved since then, with nearly 20 years
of rapid development. Between 2005 and 2022, the per capita
income of urban residents in China increased 3.7 times, reaching
49282.9 yuan, while the per capita net income of rural residents
grew 5.2 times to 20132.8 yuan. Moreover, all the first national
pilots of LTCI are cities with higher economic strength and income
levels within each province and even the whole country. Given these
factors, we can expect significant impacts of LTCI on
ineligible individuals.

In summary, the effects of LTCI on hospital expenditures can
be expressed as shown in Figure 3. For the eligible, LTCI not only
lowers the real price of LTC but also enhances the productivity of TE,
thereby influencing their hospital expenditures through a negative
substitution effect, a positive output effect, and a negative health effect.
For the ineligible, LTCI can also improve the productivity of TF,
thereby influencing their hospital expenditures through substitution,
output, and health effects.

Data and variables
Data source and study sample

The data are from the CHARLS and China City Statistical
Yearbook. The individual data are sourced from the four waves of
survey data conducted by CHARLS in 2011, 2013, 2015, and 2018.
CHARLS is a longitudinal survey jointly executed by Wuhan
University and Peking University, collecting abundant information
from a nationally representative sample of Chinese residents aged 45
or older. The individual information on physical dysfunction, medical
expenses, demographics, and socio-economic status in CHARLS is
used in this study. The statistical data at the city level come from the
2012, 2014, 2016, and 2019 editions of the China City Statistical
Yearbook, which include primary statistical data on the socio-
economic development of over 650 cities across the country. The
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|
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| | productivity of TF i Indirect effect Healt.h effect: .
i : reduces hospital expenditures
ineligibles
FIGURE 3
The effects of LTCI on hospital expenditures

city-level information on population, economy, and health in the
yearbooks is used in this study.

This study concentrates on the indirect effects of LTCI on
ineligible disabled individuals. As introduced above, we identify
ineligible individuals based on the dependency assessment scales,
eligibility criteria, and the covered public medical insurance schemes
in the first round of pilot cities (see Supplementary Table SI).
Therefore, we first identified 8,568 disabled individuals who reported
having difficulties in performing activities of daily living (ADLs) and
IADLs. Second, we made more sample restrictions: excluding
respondents from Shandong and Jilin provinces to address
endogeneity brought about by the self-selection bias of implementation
date within the two key pilot provinces; deleting respondents from
Chongging because LTCI in this city implemented in May 2019
instead of December 2017, when its pilot program was released;
eliminating respondents from the four autonomous pilot cities,
namely Xuzhou in Jiangsu Province, Hangzhou and Jiaxing in
Zhejiang Province, and Linfeng in Shanxi Province, to avoid their
interference; dropping respondents from Shanghai, because the
dependency assessment scale there include some items of IADLs and
LTCI there covers individuals with mild disability, enabling those only
dependent in IADLs may be eligible for LTCI benefits, a situation not
found in other pilot cities. Consequently, without the coverage of
Changchun, Shihezi, and Nantong in CHARLS, only 9 national pilot
cities remain in our treatment group. Third, we eliminate respondents
who enrolled in urban employee basic medical insurance (UEBMI) in
Chengde, Qiqihaer, Ningbo, Anqing, Shangrao, Guangzhou, and
Chengdu, and drop those in UEBMI or urban-rural resident basic
medical insurance (URRBMI) in Suzhou and Jingmen. After deleting
all observations with missing data, the final sample includes 13,156
observations of 5,857 respondents.

Variables

We select four outcome variables to measure hospital
expenditures: hospital admission, number of hospitalizations, total
inpatient expenditure, and OOP inpatient expenditure. Hospital
admission is a binary variable equal to 0 if the respondent did not

Frontiers in Public Health

receive inpatient care over the past year and equal to 1 if they had.
Respondents who had received inpatient care in the past year further
reported the number of hospitalizations. Therefore, this variable is a
count, taking a positive number for those who had received inpatient
care at least once, and 0 for those who had not. Total inpatient
expenditure comes from the question, “What was the total medical
cost for all the inpatient care you received during the past year?” OOP
inpatient expenditure derives from the question, “How much is the
OOP part?”

The key independent variable is whether the city in which the
disabled individual lived had implemented LTCI, which is determined
by two factors. The first is whether the disabled individual lived in one
of the 9 national pilot cities. If so, they are classified into the treatment
group, while others fall into the control group. The other factor is the
year. In this study, all 9 national pilot cities implemented LTCI in 2016
or 2017, so 2018 was post-pilot, and 2011, 2013, and 2015 were
pre-pilot.

Empirical strategies

A natural experiment occurred when LTCI was implemented in
the first round of pilot cities. There are two variations in medical
expenditures: between pilot and non-pilot, and between the periods
before and after the rollout of LTCI. Moreover, as the 9 national pilot
cities carried out LTCI in 2016 and 2017, the four waves of data in
2011, 2013, 2015, and 2018 provide just three waves before and one
wave after the official implementation of LTCI. Consequently, the
standard DID is applied to identify the causal effects, as indicated in
the following equation:

Yiet = Bo + BiTreatic x Post; + foXicr + BsWey + 71 + i + &ir (12)

The dependent variable, Y;.;, represents the hospital expenditures
of a disabled individual i living in city ¢ in year t, including hospital
admission, number of hospitalizations, total inpatient expenditure,
and OOP inpatient expenditure. The key independent variable is the
interaction term Treat;. x Post;, where Treat;. takes the value 1 if the
disabled individual i lived in one of the 9 national pilot cities and 0 if

frontiersin.org


https://doi.org/10.3389/fpubh.2025.1687682
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Yietal.

they did not, and Post, is equal to 1 for the post-pilot year 2018 and 0
for the three pre-pilot years 2011, 2013, and 2015. X, refers to time-
variant individual characteristics, including age, marital status,
education, urban residence, number of living children, UEBMI, and
URRBMI, and W, denotes time-variant city-level characteristics,
namely natural growth rate of population, GDP per capita, fiscal
expenditure per capita, number of hospital beds per 1,000 inhabitants,
and number of doctors per 1,000 inhabitants. 7;, @;, and &; represent
time FE, individual FE, and the random error term, respectively. The
coefficient of Treat;. x Post;, [, captures the impacts of LTCI
averaging across all disabled individuals who are ineligible for benefits.
Standard errors are clustered at the city level.

The primary concern of our identification strategy is the selection
bias from the non-randomness in the selection of pilot cities. Factors at
the city level, such as economic and financial strengths, population aging,
and medical and health conditions, may not only affect the central
government’s selection of pilot cities but also influence the urgency of
local governments to implement LTCI. Meanwhile, these factors may
be associated with the medical expenses of residents. Economic growth
and overall economic strength may relate to the income levels of
residents, thereby affecting their demand for medical services and the
corresponding medical expenses. Population aging may affect medical
costs by increasing the overall demand for healthcare services. To address
this concern, we control for two-way FE and five city-level variables, as
specified in Equation 12, to alleviate biases from all time-invariant
observable, unobservable, and time-variant city-level factors, respectively.
Furthermore, we test the robustness of the baseline estimates by selecting
only the second round of national pilot cities as the control group. As the
second round of national pilot cities 4 years later, these cities may
be more similar to the first ones (17), thus minimizing the differences
between the treatment and control groups.

Another selection bias may arise if people migrate from non-pilot
to pilot cities or shift from uncovered public medical insurance to
covered. As introduced in Section Data and variables, LTCI programs
in most pilot cities cover only urban employees and retirees enrolled
in UEBM], so disabled or high-risk individuals may be inclined to
switch from URRBMI to UEBMI. However, these issues are unlikely
to affect the results of this study. For one thing, UEBMI covers urban
employees. It is hard for urban and rural disabled residents to shift
from URRBMI to UEBMLI. For another, the cost of migration may
be too high to afford, especially for households with disabled
individuals. Under the expectation of expanding LTCI coverage, they
may have little desire to change their current situation. Nonetheless,
we select propensity score matching difference in differences (PSM-
DID) to test the robustness of the baseline estimates. We match
disabled individuals in the treatment group with more similar control
individuals through propensity score matching (PSM), and then
estimate policy effects with the matched sample.

There may still be the potential threat of omitted variables. For
example, factors related to city-level facilities for older adults, such
as residential institutions and residential care beds, are not included
due to data inaccessibility. In addition, without the information on
population aging, we select the natural growth rate of population as
the proxy variable. However, other factors, such as population
density, population mobility, birth concept, etc., may be missed. To
address these issues, we apply the method proposed by Oster (18)
to assess the effect of omitted factors by adjusting the
baseline estimates.
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Results
Descriptive statistics

Table 1 shows descriptive statistics for the full sample, as well as
for the treatment and control groups before and after the
implementation of LTCI. The results of pairwise comparisons between
the treatment and control groups before the LTCI pilot are also
reported. For the full sample, 22.2% had received inpatient care in the
past year, and the average number of hospitalizations was 0.370. The
average total and OOP inpatient expenditures are 3,052 and 1,589
yuan, respectively. After the implementation of LTCI, the proportion
and mean values of the four outcome variables all go up. Compared
to the control group, the treatment group showed smaller increases in
hospitalization admissions and number of hospitalizations, but larger
increases in total and OOP inpatient expenditures. The treatment
group has not performed as expected in controlling total and OOP
inpatient expenditures. However, this issue may also derive from the
unbalanced panel data used in this study. There are missing
observations in each period, which leads to an imbalance in the
number of samples involved in the calculation of means before and
after the pilot, thereby affecting the means of the treatment and
control groups. T-test results show significant differences between the
treatment group and control group in three individual variables:
marital status, number of living children, and UEBMI, as well as all
five city-level variables before the LTCI pilot. The two groups were
unbalanced before the pilot, which requires further addressing.

Baseline estimates

Table 2 shows the estimated effects of LTCI on hospital admission,
number of hospitalizations, total inpatient expenditure, and OOP
inpatient expenditure. The coeflicients of interaction Treat;. x Post, in
columns 2 to 4 are all significant, demonstrating that the
implementation of LTCI has indeed reduced the hospital expenditures
of ineligible disabled people. In particular, LTCI has significantly
reduced the number of hospitalizations by 0.069, the total inpatient
expenditure by 41.4%, and the OOP inpatient expenditure by 31.7%.
LTCI can not only help to alleviate the pressure on hospital medical
resources, but also be profitable to reduce the financial burdens on
medical insurance funds and families of disabled individuals.
However, the estimate in column 1 is not statistically significant. There
is no evidence to support the effect of LTCI on the probability of being
hospitalized among ineligible disabled individuals.

Robustness

First, we test the parallel trend assumption. The validity of our
baseline estimates hinges on the test results of the parallel trend
assumption, the key assumption of DID. It requires that the potential
trends of hospital expenditures are parallel to each other had LTCI not
been implemented, conditional on the covariates of Equation 12. The
event-study specification is applied to test the assumption, and the
results are shown in Figure 4. In all four panels in Figure 4, the
horizontal axis represents the year, while the vertical axis denotes the
estimated coeflicient and its corresponding confidence interval. All
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TABLE 1 Descriptive statistics.

Variables Before pilot After pilot
Treated Control Treated Control
Mean/% SIEREL Mean/% Mean/% Mean/% Mean/%
deviation

Hospital admission = 1 0.222 0.416 0.183 0.198 0.218 0.266
Number of hospitalizations 0.370 0.891 0.255 0.319 0.343 0.467
Total inpatient expenditure 3,052 12,624 2,210 2,320 4,652 4,177
OOP inpatient expenditure 1,589 7,345 927.3 1,243 2,273 2,158
Age 65.76 10.39 64.67 64.78 66.80 67.38
Married = 1 0.750 0.433 0.733* 0.765 0.712 0.730
Education (Junior high school and above = 1) 0.155 0.362 0.148 0.153 0.148 0.159
Urban residence 0.152 0.359 0.174 0.154 0.143 0.148
Number of living children 3.176 1.546 3.026%* 3.168 3.036 3.218
Has UEBMI =1 0.0740 0.261 0.047%* 0.072 0.039 0.084
Has URRBMI =1 0.858 0.349 0.840 0.849 0.873 0.874
GDP per capita 42,923 27,513 56789%** 37,007 73,762 48,122
Fiscal expenditure per capita 8,079 4,681 9383%#* 6,702 13,769 9,647
Number of hospital beds per 1,000 inhabitants 4.239 1.550 5.065%%* 4.093 5.732 4.248
Number of doctors per 1,000 inhabitants 2.041 0.929 2.490% 1.831 3.081 2.235
Natural growth rate of population 6.647 4.713 5.601%%* 7.059 5.618 6.201

The t-test is applied for pairwise comparisons between the treatment and control groups before the pilot of LTCIL. ***, **,and * mean the significance levels of 1, 5, and 10%, respectively.

TABLE 2 Effects of LTCI on the hospital expenditures of ineligible disabled individuals.

(1) (2)

Hospital admission Number of
hospitalizations

Variables (3) (4)

Ln (OOP inpatient
expenditure)

Ln (Total inpatient
expenditure)

Treat;. x Post, —0.0341 —0.0694* —0.414%* -0.317*
(0.0240) (0.0409) (0.208) (0.188)
Individual covariates Yes Yes Yes Yes
City-level covariates Yes Yes Yes Yes
Individual FE Yes Yes Yes Yes
Year FE Yes Yes Yes Yes
Observations 13,156 13,156 12,789 12,789
R-squared 0.012 0.013 0.016 0.014

Standard errors clustered at the city level are reported in parentheses. ***, **, and * mean the significance levels of 1, 5, and 10%, respectively. Each regression controls for individual
covariates, city-level covariates, individual FE, and year FE. Individual covariates include age, marital status, education, urban residence, number of living children, UEBMI, and URRBMI.
City-level covariates include Ln (GDP per capita), Ln(fiscal expenditure per capita), number of hospital beds per 1,000 inhabitants, number of doctors per 1,000 inhabitants, and natural
growth rate of population.

estimates for 2011 and 2013 are not significant, indicating that
compared to the benchmark year 2015, there were no significant
differences between the treatment and control groups in hospital
expenditures in 2011 or 2013. Thus, the trends of hospital expenditures
in the treatment group are parallel to those in the control group before
the implementation of LTCI. We can infer that the counterfactual
trends of hospital expenditures in the treatment and control groups
are parallel to each other. In addition, the estimates for 2018 in all four
figures are significantly negative, including the one for hospital
admission. Compared to the benchmark year 2015, the probability of
being hospitalized, the number of hospitalizations, total inpatient
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expenditure, and OOP inpatient expenditure are all reduced
significantly, indicating that LTCI may also have a significant impact
on the probability of being hospitalized among ineligible
disabled individuals.

Second, we replace the control group. We remain respondents
from 7 national pilot cities of the second round, namely Beijing,
Nanning, Hohhot, Tianjin, Kunming, Hanzhong, and Fuzhou, which
CHARLS covers, as the control group. This adjustment reduced the
total sample size to 1,543 observations, with 965 in the treatment
group and 578 in the control group. The DID regression results are
shown in Table 3. After the implementation of LTCI, the probability
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FIGURE 4
Parallel trend tests. The LTCI was implemented during 2016 and 2017 in the 9 pilot cities. On the x-axis, year 2015 is omitted because it is treated as the
benchmark year. Each regression controls for individual covariates, city-level covariates, individual FE, and year FE. Individual and city-level covariates
are the same as in Table 2. (A) Hospital admission. (B) Number of hospitalizations. (C) Total inpatient expenditure. (D) OOP inpatient expenditure.

of being hospitalized for ineligible disabled individuals has reduced
significantly by 11.8 percentage points, and the total and OOP
inpatient expenditures have decreased by 111.2 and 86.7%,
respectively. The number of hospitalizations has reduced by 0.129,
though the estimate is only close to significant (p =13.3). The
coefficients here are much higher when compared to baseline
estimates. It may be because, just as there was non-randomness in the
selection of the first round of pilot cities, the second batch was not
random either. Various factors, such as economic development,
financial strength, health conditions, and the degree of population
aging at the city level, may have affected the generation of the list.
These cities are facing more pressure from the continuous growth of
medical expenses, just like the first ones. Thus, a more similar control
group results in higher estimated impacts of LTCIL.

Third, we combine PSM with DID. To alleviate the significant
differences in some observable variables between the control and
treatment groups, PSM is applied to select a more similar control
group on all the observables for the treatment group year by year.
Then, we apply DID regression using the matched sample. Specifically,
we select more similar individuals by the kernel matching method
within 0.0001 calipers of propensity scores, which are estimated by
logit models considering gender and all individual and city-level
control variables in the baseline regression. The results of PSM-DID
are shown in Table 4. LTCI has led to a reduction in hospital admission
by 6.78 percentage points, a decrease in the number of hospitalizations
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by 0.142, a drop in the total inpatient expenditure by 71.4%, and a
decline in the OOP inpatient expenditure by 52.7%. These results are
slightly higher in magnitude than the baseline estimates,
demonstrating that LTCI has reduced the hospital expenditures of
ineligible disabled individuals.

Fourth, we assess the selection bias from omitted variables. The bias-
adjusted coefficients are calculated based on the formula that Oster (18)
obtained through random simulation. In particular, the results of
baseline regressions are treated as the “full controls” specification, and
those of DID regressions controlling for only two-way FE as the
“restricted controls” specification. In addition, R, is assumed to
be 1.3R? where R is the R-squared in the “full controls” specification,
and the relative degree of selection on observables and unobservables &
is equal to 1. This robustness test is passed if the calculated adjusted
coeflicient is still within the 95% confidence interval of the coefficient of
the key explanatory variable in the “full controls” specification. Table 5
reports the results of this adjustment method. While the results in the
“full controls” specification are represented in column 1 and those in the
“restricted controls” specification in column 2, the bias-adjusted
coeflicients are shown in column 3. All four coefficients in column 3 are
still negative and quantitatively very close to the baseline estimates in the
“full controls” specification, as well as within the corresponding 95%
confidence interval in column 1, suggesting that the selection bias from
omitted variables is too limited to change the conclusion of our
baseline regressions.
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TABLE 3 Robustness test: replacing the control group.

10.3389/fpubh.2025.1687682

Variables ()] (2) (3) (4)
Hospital admission Number of Ln (Total inpatient Ln (OOP inpatient
hospitalizations expenditure) expenditure)
Treat;, x Post, —0.118* —0.129 —1.112%% —0.867%
(0.0556) (0.0809) (0.485) (0.431)
Observations 1,543 1,543 1,506 1,506
R-squared 0.047 0.043 0.043 0.036

Standard errors clustered at the city level are reported in parentheses. ***, **, and * mean the significance levels of 1, 5, and 10%, respectively. Each regression controls for individual
covariates, city-level covariates, individual FE, and year FE. Individual and city-level covariates are the same as in Table 2.

TABLE 4 Robustness test: combining PSM with DID.

Variables (1) (2) (3) (4)
Hospital admission Number of Ln (Total inpatient Ln (OOP inpatient
hospitalizations expenditure) expenditure)
Treat;.  Post, —0.0678* —0.142% —0.714%5% —0.527%
(0.0402) (0.0775) (0.309) (0.269)
Observations 3,874 3,874 3,775 3,775
R-squared 0.024 0.029 0.031 0.035

Standard errors clustered at the city level are reported in parentheses. ***, **, and * mean the significance levels of 1, 5, and 10%, respectively. Each regression controls for individual

covariates, city-level covariates, individual FE, and year FE. Individual and city-level covariates are the same as in Table 2.

We also apply the staggered DID and placebo test to verify the
robustness of our baseline estimates. The former includes all

to be concentrated in schemes which cover only UEBMI, benefit a
larger population, draw up higher reimbursement ceilings, or provide

respondents from the four autonomous pilot cities and the two key  benefits only in kind.
provinces. The latter changes the pilot year or generates the treatment

group randomly. All the results confirm the robustness of our baseline

estimates (see Supplementary Tables 52, $3; Supplementary Figure S1).  Mechanisms

Heterogeneity

The impacts of LTCI on the hospital expenditures of ineligible
disabled individuals may vary across various dimensions, such as
different individual characteristics or policy designs. Therefore,
we separate the whole sample into two subsamples based on each
dummy grouping variable and regress Equation 12 using each
subsample. Figure 5 shows the heterogeneous effects.

Figure 5A demonstrates that the significant effects of LTCI on
hospital expenditures for the ineligible are primarily observed in
those under 60 years of age. Among this younger subgroup, the
three estimates concerning hospital admission, total hospital
expenditure, and OOP hospital expenditure are all significant, while
the one on the number of hospitalizations is not. In contrast, for
individuals aged 60 and older, none of the four estimates is
statistically significant.

Figure 5B illustrates that LTCI has effectively reduced the hospital
expenditures for both urban and rural populations. However, while all
four estimates for the urban sample are significant at the 1% level, only
two of the four for the rural sample reach significance at the 10% level.
Additionally, all the coefficients of Treat,. x Post, for the urban sample
are much greater than those for the rural sample, indicating that the
effects of LTCI on hospital expenditures are larger among the
urban group.

Figures 5C-F display the heterogeneous effects across different
policy designs. The impact of LTCI on hospital expenditures appears
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We proceed to test the three mechanisms, namely substitution,
output, and health effects, by estimating the impacts of LTCI on the
following mechanism variables: formal caregiving, formal caregiving
hours, family caregiving, family caregiving hours, severe disability in
ADLs, severe disability in IADLSs, self-reported health, and depression.
However, this empirical strategy faces a problem: variations in LTC,
including formal and informal care, are not caused solely by the
substitution effect, but by a combination of substitution, output, and
health effects. Therefore, we first estimate the average impacts of LTCI
on the four variables, namely severe disability in ADLs, severe
disability in IADLs, self-reported health, and depression, to verify the
output effect and health effect. Then, following Nunn and Wantchekon
(19), we estimate the average impacts of LTCI on proxy variables of
the substitution effect, further controlling for the four proxy variables
of output and health effects in each DID regression to verify the
substitution effect.

Tables 6, 7 show the results of DID regressions estimating the
impacts of LTCI on mechanism variables. In both tables, Panel A
reports the estimates of LTCI with benefits only in kind, while Panel
B represents those with benefits in kind and cash. Note that there will
be no substitution effect of informal caregiving on hospital
expenditures when LTCI provides only benefits in kind. On the
contrary, formal LTC will exert a substitution effect on informal
caregiving, which is not related to our topic, the mechanisms of LTCI
on hospital expenditures. Therefore, estimates of LTCI on informal
caregiving and informal caregiving hours are not reported in Table 7A
when LTCI offers benefits only in kind.
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TABLE 5 Robustness test: assessing selection bias from omitted variables.

Variables (1) (2) (3)
Full Restricted Bias adjusted

controls  controls coefficients

Panel A: Hospital admission —0.032

Treat;. x Post, —0.0341 —0.0358

Robust standard

error (0.0240) (0.0247)

95% confidence [—0.0817,

interval 0.0135] [—0.0848, 0.0132]

R-squared 0.012 0.008

Panel B: Number of hospitalizations —0.061

Treat;. X Post; —0.0694* —0.0771%*

Robust standard

error (0.0409) (0.0431)

95% confidence [—0.1506,

interval 0.0119] [-0.1626, 0.0084]

R-squared 0.013 0.010

Panel C: Ln (Total inpatient expenditure) —0.450

Treat;. x Post, —0.414%* —0.387°*

Robust standard

error (0.208) (0.204)

95% confidence [—0.8272,

interval —0.0013] [-0.7925, 0.0185]

R-squared 0.016 0.012

Panel D: Ln (OOP inpatient expenditure) —0.342

Treat;. X Post, -0.317* —0.298

Robust standard

error (0.188) (0.188)

95% confidence [—0.6897,

interval 0.0550] [—0.6703, 0.0746]

R-squared 0.014 0.011

The estimates with full controls are reported in column (1), and those with restricted
controls are in column (2). The covariates in each regression with full controls include
individual covariates, city-level covariates, individual FE, and year FE. Individual and city-
level covariates are the same as in Table 2. The bias adjusted coefficients are in column (3).
ik ek and * mean the significance levels of 1, 5, and 10%, respectively.

In Table 6A, the four estimates are all significant, demonstrating
that when providing benefits only in kind, LTCI has significantly
reduced the probability of severe disability in ADLs, severe disability
in IADLs, self-reported unhealthy, and depression. Both output and
health effects are verified. In Table 7A, further controlling for the
output and health effects, LTCI has still decreased the possibility of
formal caregiving by 4.78 percentage points, and formal caregiving
hours by 14.5%. The substitution effect is validated.

In Table 6B, only the two estimates in columns 1 and 4 are
significant, indicating that when providing benefits both in kind and
cash, LTCI has negative impacts on the probability of severe disability
in ADLs and the likelihood of depression. The output and health
effects are also verified, but may be relatively small without significant
impacts on the probability of severe disability in IADLs and self-
reported unhealth. In Table 7B, further conditional on the output and
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health effects, formal caregiving hours have decreased by 4.33% after
the introduction of LTCL. The substitution effect of formal care is also
validated. However, the positive impacts of LTCI on the two variables
of informal caregiving are not statistically significant. There is no
evidence to support the substitution effect of informal care. Perhaps
because all three effects are relatively small, the overall impacts on
hospital expenditures are not significant, as shown in Figure 5E.

Conclusion and discussion

This study examines the effects of LTCI on hospital expenditures
among ineligible disabled individuals from both theoretical and
empirical perspectives. Theoretically, based on Becker’s household
production function, we find that LTCI will reduce the needed
nonmarket time TF for the ineligible to produce one unit of HA, thus
exerting impacts on the inpatient expenditures of ineligible disabled
individuals through the substitution, output, and health effects.
Empirically, using nationally representative survey data from CHARLS
and statistical data from the China City Statistical Yearbook and
applying the DID approach, we demonstrate that the implementation
of LTCI in the first round of national pilot cities has reduced the
number of hospitalizations, the total inpatient expenditure, and the
OOP inpatient expenditure among ineligible disabled individuals.
However, the impact of LTCI on hospital admission remains ambiguous.

Our findings of the indirect effects of LTCI on hospital expenditures
among ineligible disabled individuals add new theoretical explanations
and empirical evidence for the indirect impacts of government public
policies on ineligible groups. Angelucci and Giorgi (20) and Huang and
Zhang (21) have been concerned about this issue and provided
empirical evidence, but have not conducted a theoretical analysis.
Angelucci and Giorgi (20) find in their study of a poverty alleviation
program in Mexico that cash subsidies to impoverished households
have not only significantly increased their consumption but also
improved the consumption of ineligible households in the same village,
by increasing their received loans and transfers from relatives and
friends, and by reducing their savings. Huang and Zhang (21) find that
the implementation of the New Rural Pension Scheme in China has not
only affected the household income, food expenses, labor supply, and
overall health status of the age-eligible group (rural older adults aged
60 and above) but also significantly reduces the probability of doing
farmwork among the age-ineligible group (rural residents aged 45-60),
and also increases their likelihood of engaging in non-farmwork,
shifting them from the agricultural to the non-agricultural sector.

We find that the effects of LTCI on the hospital expenditures of
ineligible disabled individuals appear to be greater in groups who are
aged below 60 or live in urban areas. The explanation may be that,
compared to those aged 60 and above, the middle-aged group tends
to be healthier on average. Additionally, their family members,
especially spouses and children, who are the primary caregivers, are
generally younger and face relatively higher time constraints. Given
that the real prices of LTC services remain unchanged and the
increased efficiency of non-market time, this group experiences a
more significant reduction in the shadow price of LTC. As a result,
they are more likely to reduce their hospital expenses by increasing the
use of formal care services and improving their overall health level.
Furthermore, LTCI in most pilot cities (7 in 9) in our sample only
covers UEBMI enrollees. Resources were definitely invested more in
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FIGURE 5
Heterogeneous effects. The Y-axis represents the estimated coefficients and their respective confidence intervals, while the X-axis indicates four
outcomes of hospital expenditures. Each regression controls for individual covariates, city-level covariates, individual FE, and year FE. Individual and
city-level covariates are the same as in Table 2. (A) By age. (B) By urban/rural residence. (C) By coverage. (D) By eligibility. (E) By benefit. (F) By
reimbursement.

urban areas at this initial stage, enabling urban residents to benefit
more from the increased efficiency of non-market time.

We also find that the impacts of LTCI on the hospital expenditures
of ineligible disabled individuals are observed primarily in the policy
designs which cover only UEBMI, benefit a larger disabled population,
draw up higher reimbursement ceilings, or provide benefits only in
kind. These results are in line with those of Lei et al. (22), who report
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that the beneficial effects of LTCI on the well-being of older adults and
their families are primarily observed in the schemes that provided
benefits to individuals with moderate disability or dementia, as well
as those with severe disability, or had higher reimbursement ceilings.
In addition, previous studies have reported heterogeneous effects of
LTCI on labor supply and informal care across schemes providing
benefits in kind or cash. Fu et al. (23) find that the introduction of
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TABLE 6 Output and health effects.

10.3389/fpubh.2025.1687682

Variables ()] (2) (3) (4)
Severe dependent in Severe dependent in Self-reported Depression

ADLs IADLs health

Panel A: Benefits only in kind

Treat, x Post, —0.0294%55 —0.0275% —0.0726% —0.0525%5
(0.0108) (0.0163) (0.0256) (0.0197)

Observations 12,755 12,755 11,595 11,182

R-squared 0.009 0.004 0.004 0.015

Panel B: Benefits in kind and cash

Treat, x Post, —0.0181%* —0.00237 —0.0130 —0.144%%
(0.00688) (0.0231) (0.0110) (0.0631)

Observations 12,576 12,576 11,438 11,041

R-squared 0.009 0.004 0.003 0.015

Standard errors clustered at the city level are reported in parentheses. ***, **, and * mean the significance levels of 1, 5, and 10%, respectively. Each regression controls for individual

covariates, city-level covariates, individual FE, and year FE. Individual and city-level covariates are the same as in Table 2.

TABLE 7 Substitution effect.

Variables () (2) (3) (4)
Formal caregiving L (Forrﬂal CEIEEAE Informal caregiving L _(Ipformal
ours) caregiving hours)

Panel A: Benefits in kind
Treat,. x Post, 0.0478%* 0.145%%*

(0.0191) (0.0642)
Two-way FE Yes Yes Yes Yes
Individual and city-level
covariates Yes Yes Yes Yes
Output and health effects Yes Yes Yes Yes
Observations 11,166 8,862
R-squared 0.010 0.006
Panel A: Benefits in kind and cash
Treat,. x Post, 0.0426 0.0433%* —0.0224 0.144

(0.0407) (0.0188) (0.0240) (0.234)
Two-way FE Yes Yes Yes Yes
Individual and city-level
covariates Yes Yes Yes Yes
Output and health effects Yes Yes Yes Yes
Observations 11,027 8,734 11,027 8,736
R-squared 0.009 0.004 0.177 0.123

Standard errors clustered at the city level are reported in parentheses. ***, **, and * mean the significance levels of 1, 5, and 10%, respectively. Each regression controls for individual
covariates, city-level covariates, output and health effects, individual FE, and year FE. Output and health effects include four variables: severe disability in ADLs, severe disability in IADLs,

self-reported health, and depression. Individual and city-level covariates are the same as in Table 2.

LTCI in Japan in 2000 significantly increased labor participation of
caregivers, which is opposite to the results of Geyer and Korthage (24),
who report that the implementation of LTCI in Germany in 1995 had
a significant negative impact on male labor participation. The reason
lies in the fact that LTCI in Germany provides benefits both in kind
and cash, while in Japan, on the other hand, it offers only benefits in
kind. Courbage et al. (25) find that public LTC support decreases
informal caregiving in Spain while increasing it in Italy, which is

Frontiers in Public Health

attributed to different typologies of public LTC coverage. In Spain,
benefits are paid conditional on formal care consumption, while
benefits in cash are provided without restrictions in Italy.
Concerning mechanisms, we verify that LTCI influences the
hospital expenditures of ineligible disabled individuals through the
output, health, and substitution effect of formal care, but find no
evidence to support the substitution effect of informal care. Several
previous studies have discussed the mechanisms. Costa-Font et al. (3)
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find that the LTC system reform has affected hospital utilization
through four channels, including an increased use of outpatient
services, improvement in mental health, reduction in loneliness, and
housing adjustments. Wang and Feng (5) find through a literature
review that the effects of LTCI on medical expenses can be classified
into two groups: the negative group includes substitution and health
effects, while the positive group contains income and knowledge effects.
Moreover, they empirically verify that LTCI has improved the health
status of older adults with lower levels of disability and transferred them
from hospital care to home care, resulting in a health effect and a
substitution effect. Our mechanism analysis of the substitution, output,
and health effects in this study provides a meaningful supplement to
existing research, theoretically and empirically.

This study has several limitations. First, because the latest wave of
CHARLS in 2020 did not provide information on hospital expenditures,
we only have one wave of data following the pilot of LTCI. As a result,
we can only demonstrate the short-term indirect effects of LTCI on the
hospital expenditures of ineligible disabled individuals. Consequently,
the long-term impacts remain unknown, which may be a concern in
future studies. Second, we have eliminated all respondents with
difficulties in ADLs and enrolled in LTCI-covered public medical
insurance schemes, because we cannot determine their eligibility for
benefits based on the existing information. However, note that this
eligible group has only 73 observations in total, and the missed
ineligible ones will be even fewer. Thus, the impact of their omission is
likely minimal. Moreover, we find that the effects of LTCI on hospital
expenditures among ineligible disabled individuals seem to be much
larger in the subsample with difficulties in ADLs than in TADLs. This
omission, therefore, is likely to lead to an underestimation of the
impacts rather than an overestimation.

Overall, this study demonstrates that the introduction of LTCI in the
first round of national pilot cities has reduced hospital expenditures
among ineligible disabled individuals through the output, health effects,
and the substitution effect of formal care. These findings provide both
theoretical and empirical evidence for the stepwise expansion and
nationwide coverage of LTCI in China. They may also have policy
implications for establishing and developing LTC systems in other
middle-income and developing countries confronted with increasing
demand for LTC. Additionally, this study provides evidence for the
indirect impacts of government public policies on groups not directly
eligible for those benefits. Consequently, when designing, implementing,
and evaluating these policies, it is essential to include the indirect effects
on ineligible groups by examining the intent-to-treat effects, rather than
solely focusing on the direct impacts on the treatment group.

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary material, further inquiries can be directed
to the corresponding author.

Ethics statement

The studies involving humans were approved by Institutional Review
Board at Peking University. The studies were conducted in accordance

Frontiers in Public Health

14

10.3389/fpubh.2025.1687682

with the local legislation and institutional requirements. The ethics
committee/institutional review board waived the requirement of written
informed consent for participation from the participants or the
participants’ legal guardians/next of kin because Ethical approval for all
the CHARLS waves was granted by the Institutional Review Board at
Peking University. The IRB approval numbers are IRB00001052-11015
and TRB00001052-11014. As the datasets of CHARLS are publicly
available, ethical approval was not needed for this study.

Author contributions

YY: Formal analysis, Data curation, Writing - review &
editing, Writing - original draft, Conceptualization. JX: Writing -
review & editing, Data curation. JL: Supervision, Writing -
review & editing.

Funding

The author(s) declare that no financial support was received for
the research and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The authors declare that no Gen Al was used in the creation of
this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure accuracy,
including review by the authors wherever possible. If you identify any
issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the reviewers.
Any product that may be evaluated in this article, or claim that may
be made by its manufacturer, is not guaranteed or endorsed by
the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fpubh.2025.1687682/
full#supplementary-material

frontiersin.org


https://doi.org/10.3389/fpubh.2025.1687682
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fpubh.2025.1687682/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpubh.2025.1687682/full#supplementary-material

Yietal.

References

1. Xu H, Weiner M, Paul S, Thomas J, Craig B, Rosenman M, et al. Volume of home-
and community-based Medicaid waiver services and risk of hospital admissions. J
Am Geriatr Soc. (2010) 58:109-15. doi: 10.1111/j.1532-5415.2009.02614.x

2. Choi JW, Park E-C, Lee SG, Park S, Ryu H-G, Kim TH. Does long-term care
insurance reduce the burden of medical costs? A retrospective elderly cohort study.
Geriatr Gerontol Int. (2018) 18:1641-6. doi: 10.1111/ggi.13536

3. Costa-Font J, Jimenez-Martin S, Vilaplana C. Does long—term care subsidization
reduce hospital admissions and utilization? J Health Econ. (2018) 58:43-66. doi:
10.1016/j.jhealeco.2018.01.002

4. Ma C, Yu Q, Zong Z, Chen H. Long-term care insurance, the control of medical
expenses and “value-based health care” China Ind Econ. (2019) 12:42-59. doi:
10.19581/j.cnki.ciejournal.2019.12.003

5. Wang ZH, Feng J. The substitution effect of long-term care insurance on health
expenditure and comparison of different compensation modes. China Econ Q. (2021)
21:557-76. doi: 10.13821/j.cnki.ceq.2021.02.09

6. Chen H, Ning J. The impacts of long-term care insurance on health care utilization
and expenditure: evidence from China. Health Policy Plan. (2022) 37:717-27. doi:
10.1093/heapol/czac003

7. McKnight R. Home care reimbursement, long-term care utilization, and health
outcomes. ] Public Econ (2006) 90:293-323. doi: 10.1016/j.jpubeco.2004.11.006

8. Yu X, Liu H, Yang W. Long-term care insurance’s impacts on medical expenditure:
based on synthetic control research on Qingdao case. Insurance Studies. (2019)
2019:114-27. doi: 10.13497/j.cnki.is.2019.02.010

9. Becker GS. A theory of the allocation of time. Econ J. (1965) 75:493-517.

10. Yu Y, Zhang Y, Feng J. Long term care insurance and the supply of elder care
institutions: a study based on the evidence from a pilot city. Soc Sci. (2023)
2023:140-52.doi: 10.13644/j.cnki.cn31-1112.2023.08.012

11. Doherty AM, Gaughran F. The interface of physical and mental health. Soc
Psychiatry Psychiatr Epidemiol. (2014) 49:673-82. doi: 10.1007/s00127-014-0847-7

12. Ohrnberger J, Fichera E, Sutton M. The relationship between physical and mental
health: a mediation analysis. Soc Sci Med. (2017) 195:42-9. doi: 10.1016/j.socscimed.2017.11.008

13. Pang KYC. Symptom expression and somatization among elderly Korean
immigrants. ] Clin Geropsychol. (2000) 6:199-212. doi: 10.1023/A:1009541200013

Frontiers in Public Health

15

10.3389/fpubh.2025.1687682

14. Parmelee PA, Katz IR, Lawton MP. The relation of pain to depression among
institutionalized aged. J Gerontol. (1991) 46:15-21.

15. Reyes-Gibby CC, Aday L, Cleeland C. Impact of pain on self-rated health in the
community-dwelling older adults. Pain. (2002) 95:75-82. doi:
10.1016/S0304-3959(01)00375-X

16. Liu Z, Albanese E, Li S, Huang Y, Ferri CP, Yan F, et al. Chronic disease prevalence
and care among the elderly in urban and rural Beijing, China-a 10/66 dementia research
group cross-sectional survey. BMC Public Health. (2009) 9:1-11. doi:
10.1186/1471-2458-9-394

17.Cai W, Lv H, Shen X. Long-term care insurance, residents’ care choices and
intergenerational support: policy evaluation based on pilot cities in China. Econ Perspect.
(2021) 10:48-63.

18. Oster E. Unobservable selection and coeflicient stability: theory and evidence. J
Bus Econ Stat. (2019) 37:187-204. doi: 10.1080/07350015.2016.1227711

19. Nunn N, Wantchekon L. The slave trade and the origins of mistrust in Africa. Am
Econ Rev. (2011) 101:3221-52. doi: 10.1257/aer.101.7.3221

20. Angelucci M, Giorgi G. Indirect effects of an aid program: how do cash transfers
affect ineligibles’ consumption? Am Econ Rev. (2009) 99:486-508. doi:
10.1257/aer.99.1.486

21. Huang W, Zhang C. The power of social pensions: evidence from China’s new rural
pension scheme. Am Econ ] Appl Econ. (2021) 13:179-205. doi: 10.1257/app.20170789

22. Lei X, Bai C, Hong J, Liu H. Long-term care insurance and the well-being of older
adults and their families: evidence from China. Soc Sci Med. (2022) 296:114745. doi:
10.1016/j.socscimed.2022.114745

23.Fu R, Noguchi H, Kawamura A, Takahashi H, Tamiya N. Spillover effect of
Japanese long-term care insurance as an employment promotion policy for family
caregivers. ] Health Econ. (2017) 56:103-12. doi: 10.1016/j.jhealeco.2017.09.011

24. Geyer J, Korfhage T. Labor supply effects of long-term care reform in Germany.
Health Econ. (2018) 27:1328-39. doi: 10.1002/hec.3663

25. Courbage C, Montoliu-Montes G, Wagner J. The effect of long-term care public
benefits and insurance on informal care from outside the household: empirical evidence
from Italy and Spain. Eur ] Health Econ. (2020) 21:1131-47. doi:
10.1007/s10198-020-01215-7

frontiersin.org


https://doi.org/10.3389/fpubh.2025.1687682
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1111/j.1532-5415.2009.02614.x
https://doi.org/10.1111/ggi.13536
https://doi.org/10.1016/j.jhealeco.2018.01.002
https://doi.org/10.19581/j.cnki.ciejournal.2019.12.003
https://doi.org/10.13821/j.cnki.ceq.2021.02.09
https://doi.org/10.1093/heapol/czac003
https://doi.org/10.1016/j.jpubeco.2004.11.006
https://doi.org/10.13497/j.cnki.is.2019.02.010
https://doi.org/10.13644/j.cnki.cn31-1112.2023.08.012
https://doi.org/10.1007/s00127-014-0847-7
https://doi.org/10.1016/j.socscimed.2017.11.008
https://doi.org/10.1023/A:1009541200013
https://doi.org/10.1016/S0304-3959(01)00375-X
https://doi.org/10.1186/1471-2458-9-394
https://doi.org/10.1080/07350015.2016.1227711
https://doi.org/10.1257/aer.101.7.3221
https://doi.org/10.1257/aer.99.1.486
https://doi.org/10.1257/app.20170789
https://doi.org/10.1016/j.socscimed.2022.114745
https://doi.org/10.1016/j.jhealeco.2017.09.011
https://doi.org/10.1002/hec.3663
https://doi.org/10.1007/s10198-020-01215-7

	Indirect effects of long-term care insurance: does it affect the hospital expenditures of ineligible disabled individuals
	Introduction
	Theoretical framework
	Theoretical model
	The impacts of LTCI on the hospital utilization of eligible individuals
	The productivity improvement of TF and the indirect impacts of LTCI on ineligible individuals

	Data and variables
	Data source and study sample
	Variables

	Empirical strategies
	Results
	Descriptive statistics
	Baseline estimates
	Robustness
	Heterogeneity
	Mechanisms

	Conclusion and discussion

	References

