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Abstract
Objective This study investigates the effect of long-term care insurance (LTCI) on medical expenditure and utilization 
in China and compares the effects between different pilot schemes.

Methods We used four-wave data from the China Health and Retirement Longitudinal Study (CHARLS) 2011–2018, 
covering 19 cities piloted by national government or local governments. We applied a staggered difference-in-
differences (DID) strategy to identify the effect of LTCI. Heterogeneity tests were used to identify the effects of 
different pilot schemes.

Results We found that LTCI implementation significantly reduces inpatient expenditure, annual inpatient visits, and 
monthly outpatient visits by 13.4%, 0.033, and 0.072, respectively. The effects of LTCI become more pronounced in 
pilot cities with government subsidies in financing or higher reimbursement ceilings. Compared to pilot schemes 
covering UEBMI & URRBMI program, the schemes only covering UEBMI program could significantly reduce inpatient 
and outpatient frequency by 0.029 and 0.069. Pilot schemes with more service items had lower outpatient frequency 
(β = -0.146), and pilot schemes with fewer service items had lower inpatient expenditure and frequency (β = -0.226 
and β = -0.049).

Conclusion In general, this study found that LTCI implementation could effectively reduce the expenditure and 
utilization of medical services. The effects of different pilot schemes vary significantly. The results of this study further 
supplement the existing empirical evidence on the effect of LTCI and provide important policy implications for the 
future development of LTCI in China and other developing countries.
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Introduction
Aging populations has become a universal phenomenon 
in the world, according to the World Population Pros-
pect 2022, the proportion of the global population aged 
65 or above is projected to rise from 10% in 2022 to 16% 
in 2050 [1]. For China, the number of older people (aged 
65 or above) will reach approximately 210  million by 
2022, accounting for 14.9% of the total population, and 
is expected to reach 26.1% (366 million) by 2050 [2]. The 
issue of aging populations in China is more challenging. 
The United Nations General Assembly declared 2021 to 
2030 as the Decade of Healthy Aging. The World Health 
Organization (WHO) led to the global implementation of 
the Healthy Aging Action Plan which aims to change the 
aging population from a challenge to an opportunity [3, 
4]. One of the important actions is to provide long-term 
care (LTC) for older people who need it [3].

As the population ages, the number of disabled peo-
ple will also increase. In 2020, China had approximately 
42  million disabled people aged over 60, accounting 
for 16.6% of the elderly population. In this context, the 
demand for LTC of the elderly will grow substantially [5]. 
However, care for the elderly is now dominated by infor-
mal care provided by family members in China, a pre-
vious study found that 27-33% of Chinese aged over 45 
who needed help in at least one ADL had unmet needs 
for care [6]. Most importantly, when older people’s needs 
for care are not met, it can seriously affect their indepen-
dence and quality of life, as well as increase the risk of 
disability. This leads to increased utilization and expen-
diture of medical services and increases the risk of death 
[7].

In order to guarantee that disabled people can obtain 
affordable formal care services and reduce their finan-
cial burden, China has begun to explore an LTC system 
for the elderly and initiated pilot programs for long-term 
care insurance (LTCI). Qingdao was the first city in China 
to implement LTCI in 2012, and the Chinese central gov-
ernment issued the policy in 2016 and officially launched 
the LTCI pilots in 15 cities in 2017. After the operation 
is stable, the LTCI system will be fully promoted and 
implemented nationwide. Due to the different levels of 
economic development and size of the elderly population 
in pilot cities, the guideline proposed to formulate local 
LTCI systems following the actual conditions of the pilot 
cities. So the schemes of LTCI are different in each pilot 
city.

How does LTCI affect the expenditure and utiliza-
tion of medical services? Many studies have conducted 
empirical research on this issue, but the results were 
inconsistent. Many developed countries have taken the 
lead in implementing LTCI, such as Japan, South Korea, 
the United States, Germany, etc., and they have more 
experience and relevant research. Two studies conducted 

in South Korea found that the implementation of LTCI 
significantly reduced the total medical expenditure and 
inpatient expenditure [8, 9]. Another study from South 
Korea also found the burden of medical expenditure was 
significantly reduced among LTCI beneficiaries [10]. A 
panel study from Spain found LTC subsidization signifi-
cantly reduced hospital admissions and utilization [11]. 
A study analyzed the effect of public LTCI on consump-
tion, medical care demand, and welfare in the United 
States and found public LTCI mainly crowded medical 
spending among low-health individuals [12]. The results 
of the above studies verified that the LTCI implementa-
tion effectively reduced the expenditure and utilization of 
medical services. Few studies also found that providing 
LTC services may increase the medical expenditure and 
utilization. A national population-based observational 
study conducted in Norway found LTC services increase 
inpatient service utilization due to stimulating the 
demand for therapeutic and functional support [13]. The 
differences in these conclusions are mainly due to differ-
ences in countries, medical markets and health insurance 
markets.

Because the LTCI system in developing countries 
like China is still in its infancy, few studies evaluate the 
impact of LTCI. A panel study from the Chinese Longi-
tudinal Healthy Longevity Survey found the implementa-
tion of LTCI reduced the amounts of ADL-related care 
expenditures and out-of-pocket medical expenditures 
[14]. Another study used data of CHARLS 2015 and 2018 
to evaluate the relationship between LCT needs and 
hospitalization costs, it found that LTCI reduced hos-
pitalization costs [15]. There was also a panel study that 
exploited the national pilot cities and found that LTCI 
implementation significantly reduced the inpatient and 
outpatient frequency and reduced the outpatient and 
inpatient expenditure by 23.9% and 19.8% [16]. Another 
study evaluated the effect of LTCI in Shanghai, they 
found that the introduction of LTCI significantly reduced 
the length of stay and inpatient expenditure in tertiary 
hospitals [17]. In conclusion, most of the existing studies 
found LTCI could reduce medical expenditure and utili-
zation but these studies only covered part of the pilot cit-
ies or the empirical study of a single pilot city, and there 
is also a lack of comparison of different pilot schemes. 
Therefore, it is necessary to comprehensively analyze the 
relationship between LTCI and medical expenditure and 
utilization in China, and compare the effect of different 
pilot schemes.

This study used panel data from CHARLS 2011–2018, 
which covers the first batch of LTCI pilot cities. For more 
comprehensive and objective assessments of the impact 
of LTCI on the expenditure and utilization of medical 
services, this study included all LTCI pilot cities from 
2011 to 2018, not only national pilot cities but also local 
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government pilot cities. According to the timing of the 
adoption of LTCI in pilot cities, we applied a staggered 
difference-in-differences (DID) strategy to evaluate the 
impact of LTCI on medical expenditure and utilization. 
Moreover, we applied heterogeneity analyses to further 
explore the effects of different LTCI pilot schemes, con-
tributing to the literature and providing a theoretical and 
empirical basis for future policy-making. These findings 
also can be useful to other developing countries that are 
exploring the LTCI system.

Institutional background
As a result of aging populations, unmet need for care, 
socialization of elderly hospitalization, and increasing 
medical expenditure have become important issues to 
be solved in China [18]. To proactively deal with these 
issues, China began to explore establishing the LTCI sys-
tem. Qingdao has learned from the LTCI system of other 
countries and took the lead in implementing the LTCI 
system in 2012. In July 2016, the Chinese central gov-
ernment released guidelines for implementing the LTCI 
system and announced 15 pilot cities. In addition to the 
national pilot cities, there were other pilot cities imple-
mented by local governments, mainly in Jilin and Shan-
dong. This study included all 19 LTCI pilot cities in the 
CHARLS database from 2011 to 2018.

In recent years, Universal Health Coverage (UHC) has 
become a hot topic in global health policy. The concept 
of UHC is similar to the objectives of LTCI. Based on the 
three measurement dimensions of UHC [19] and com-
bined with the content of LTCI policies, this study sorted 
out the main characteristics of each pilot city’s scheme. 
Table S2 presents the key features of different schemes in 
pilot cities. In terms of financing sources, LTCI is mainly 
financed by public health insurance funds. Most of the 
pilot cities chose multiple forms of financing, which is 
a combination of public health insurance funds, indi-
vidual payment, and government subsidies. Each pilot 
city’s scheme is different, from the description of financ-
ing sources, the main source of financing is public health 
insurance fund, and the individual payment part is also 
directly deducted through the public health insurance 
fund, without additional delivery. So as long as the pilot 
city stipulates which type of medical insurance partici-
pants are covered by the LTCI, this part of the population 
is forced to be included in the LTCI. To some extent, the 
participation mechanism of LTCI is mandatory. In some 
pilot cities with relatively good economic levels, gov-
ernment subsidies are part of the financing plan, partly 
to ease the pressure on public health insurance funds 
financing and to cover more people enrolled in LTCI. In 
the pilot phase, the LTCI system mainly covers the urban 
employees enrolled in the Urban Employee Basic Medi-
cal Insurance (UEBMI) in principle. Some pilot cities also 

cover urban and rural residents enrolled in the Urban-
Rural Resident Basic Medical Insurance (URRBMI) (e.g. 
Jingmen, Shanghai). And the uncovered population of 
LTCI cannot get the corresponding services provided by 
LTCI.

LTCI service mode is usually divided into three cat-
egories: home care, hospital care, and institutional care. 
Home care includes visiting care services by care work-
ers and community care services. Hospital care refers 
to beneficiaries staying in community health centers or 
rehabilitation hospitals. Institutional care services are 
provided by designed elderly care facilities or nursing 
homes. And the service items mainly include daily living 
care and medical care, and some pilot cities also provide 
additional services such as rehabilitation care, preventive 
care, and psychological counseling (e.g. Chengdu, Shang-
hai, Guangzhou).

There are two ways of LTCI reimbursement plan when 
the beneficiary has settled the expenditure after receiv-
ing the LTC service. The former is reimbursed on a pro-
rata basis, and the reimbursement rate of LTCI should be 
controlled by about 70% of the service expenditure men-
tioned by the Chinese central government. The latter is 
reimbursed in fixed amounts based on specific LTCI ser-
vices. In most cases, the reimbursement for home care 
will be higher than other institutional care and hospital 
care.

Although the LTCI system in China is still in its 
infancy, the overall operation of pilot cities has been sta-
ble, and initial results have been achieved since the LTCI 
implementation. In September 2020, the Chinese central 
government announced the expansion of 14 pilot cit-
ies. According to the latest data released by the National 
Healthcare Security Administration, as of the end of 
March 2022, the LTCI covered 49 pilot cities, 145  mil-
lion people, and a total of 1.72 million beneficiaries with 
an average reimbursement per capita of about 16,000 
RMB per year. So, what is the impact of LTCI on medical 
expenditure and utilization? This study will comprehen-
sively analyze this problem, and the conclusions will be of 
important reference value for future policymaking.

Data and variables
Data collection and sample
The primary data source is the China Health and Retire-
ment Longitudinal Study (CHARLS) for this study. 
CHARLS is a nationally representative survey conducted 
in China. The survey collected comprehensive data of 
Chinese individuals aged 45 and above. The survey col-
lected data through face-to-face interviews conducted by 
trained interviewers, covering various domains such as 
demographics, socioeconomic, health status, and health-
care utilization factors. CHARLS employed a multistage, 
stratified, and probability proportional to size (PPS) 
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sampling design to ensure the sample was representative 
of the Chinese population aged 45 and above [20].

This study used four-wave data from CHARLS 2011–
2018, which covers the LTCI implementation time of 
the first batch of pilot cities. We merged cross-sectional 
data from four-wave to create panel data, resulting in a 
total sample size of 77,233. Considering that the benefi-
ciaries of LTCI are middle-aged and elderly people, and 
CHARLS is also a survey data specifically aimed at mid-
dle-aged and elderly people, we excluded samples below 
the age of 45 on the target population. We consider the 
lag effect of policy implementation, so all LTCI pilot cit-
ies involved in this study need to implement for at least 6 
months prior to the CHARLS survey during 2011–2018. 
Weihai implemented the LTCI policy in July 2018, and 
the follow-up period of CHARLS 2018 was from July 
to September, so Weihai didn’t meet the specific crite-
ria and to avoid skewing the results, it was excluded in 
the study. In the subsequent data processing steps, indi-
viduals with missing values for age and the outcome 
variables were eliminated, as these missing values could 
potentially impact the research outcomes. Furthermore, 
we need panel data for empirical analyses, in which each 
individual needs to appear at least twice. Individuals that 
participated in only once in four waves of CHARLS were 
excluded. As a result of these procedures, we obtained 
a final sample size of 66,745. The full process of sample 
selection is specified in Fig. S1. For cases where covari-
ates had missing values, the random forest imputation 
method was employed to supplement these missing val-
ues. By employing such a sample selection and process-
ing procedure, the research aims to ensure the reliability 
and validity of the study and provides a representative 
sample for analysis and investigation.

Outcome variables
To examine the impact of LTCI on medical expenditure, 
two outcome variables were selected from CHARLS. 
These variables include annual total inpatient expendi-
ture and monthly total outpatient expenditure. These 
variables were subjected to a natural log transformation 
to normalize their distribution. In addition, two out-
come variables were chosen to assess the medical utiliza-
tion, specifically the frequency of annual inpatient visits 
and the frequency of monthly outpatient visits. These 

outcome variables selected from CHARLS provide com-
prehensive data support for this study.

Independent variables
In this study, the independent variable is LTCI coverage, 
which is a binary choice variable indicating whether the 
individual is in the LTCI pilot cities and implemented 
for at least 6 months prior to the CHARLS survey. Based 
on the policy and database, the treatment group con-
sists of samples from 19 cities, which were piloted by the 
national government or local governments (see Fig.  1). 
The control group consists of samples that were not in 
the LTCI pilot cities from the CHARLS.

Covariates
In consideration of the confounding factors, the covari-
ates were added to the model. Based on the behavior 
model of health services use [21], combining the influ-
encing factors of health service utilization [22] and 
research data, we chose the confounding factors. Accord-
ing to previous studies [14, 17], the covariates were 
divided into three aspects: individual demographics, 
socioeconomic status, and health level. Individual demo-
graphic variables include gender, age, area of residence, 
marital status, type of basic health insurance, region, and 
number of living children; Socioeconomic status covari-
ates include household income per capita; health level 
variables include smoking status, drinking status, num-
ber of chronic diseases, and disability. The specific defini-
tions of the variables are shown in Table S1. Although we 
scientifically selected covariates that may affect outcome 
variables, some covariates change less before and after 
the LTCI implementation, resulting in weak influence on 
the results.

Method
To evaluate the impact of the LTCI on medical expendi-
tures and utilization, we used CHARLS wave1 to wave4 
to form panel data and applied a staggered DID strategy 
with individual and time fixed effects (FE). Traditional 
DID estimates the effect of policy intervention by com-
paring the treatment group and control group. The stag-
gered DID extends this approach to multiple treatment 
groups that differ according to the timing of the adoption 
of events, in this study marked by when cities became the 

Fig. 1 LTCI pilot cities implemented for at least 6 months prior to the CHARLS survey during 2011–2018
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LTCI pilot cities [23]. In our study, the treatment group 
consisted of respondents from LTCI pilot cites which 
were implemented for at least 6 months prior to the 
CHARLS survey during 2011–2018. The control group 
consisted of respondents from cities that were not cov-
ered by LTCI. The Staggered DID model was exploited as 
follows:

 
Yict = β 0 + β 1LTCIict + β 2Xict

+ τ t + ai + ϵ ict
 (1)

where Yict denotes the outcome variable of individual 
i living in city c in year t, including inpatient frequency, 
outpatient frequency, and the natural log form of inpa-
tient expenditure, outpatient expenditure. In staggered 
DID model, LTCIict denotes dummy variable for the 
LTCI pilot cities, marked by when these cities became 
the LTCI pilot cities. Xict is a set of covariates, includ-
ing individual demographics, socioeconomic status, and 
health level variables τ t is a set of year fixed effects, ai 
is a set of individual fixed effects and ϵ it is random error 
term. The coefficient β 1 is the core coefficient concerned 
in this study, which represents the difference between the 
pilot city sample and the non-pilot city sample in terms 
of outcome variables. So as to investigate the policy effect 
of LTCI, that is, whether the LTCI implementation affects 
the medical expenditure and medical utilization among 
middle-aged and elderly people.

In this study, we conducted four types of robustness 
checks to examine the reliability and sensitivity of our 
analytical results. First, the prerequisite for the cor-
rect application of DID is that the outcome variables of 
the treatment group and control group have a similar 
time trend before LTCI implementation. So, we applied 
an event study to check the common trend assumption. 
Second, some studies [24–26] pointed out that in stag-
gered DID, the heterogeneity of the treatment effects at 
different time points may lead to potential bias in the 
estimation of the two-way fixed effect model. We further 
calculate the heterogeneity robust estimators for stag-
gered treatment timing according to the method pro-
posed by Borusyak [24], and verifies the robustness of 
main effect.

Third, since the medical expenditure can be divided 
into out-of-pocket expenditure and reimbursement, we 
included out-of-pocket medical expenditure and reim-
bursement to outcome variables for analysis, to test the 
robustness of the effect of LTCI implementation on med-
ical expenditure.

Finally, in order to reduce the selection bias in the esti-
mation of LTCI implementation effects on the observa-
tions [27], we learned from previous studies [28, 29] and 
combined the propensity score matching (PSM) method 
and DID to evaluate the robustness of the main effect of 

LTCI. It is necessary to make the individuals in the treat-
ment group and the individuals in the control group to 
be similar and comparable in PSM-DID [30]. We chose 
the covariates as the matching variables to match the 
control group for the treatment group and applied logit 
regression. The coefficient of each matching variable 
was used as the weight to fit the value of the propensity 
score, which reflects the probability of a sample as the 
treatment group. With the value of propensity score, 
we used nearest-neighbors matching to get the control 
group. After matching, the distribution of propensity 
scores between the two groups was more similar, and the 
kernel density curves were closer (see Fig. S1). We then 
conducted the PSM-DID analyses with individuals in the 
common support to compare the results with the DID.

We also took the heterogeneity test from the per-
spective of LTCI policy design, combining the view of 
financing and three dimensions of UHC [19]. In order to 
compare the effects of different pilot schemes. Based on 
the LTCI policy published in the pilot cities, we divided 
the sample into different subgroups (government subsi-
dies, health insurance coverage, reimbursement rules, 
and care services) according to the above dimensions. 
Based on the policy content and previous study [14], 
we defined “government subsidies” as LTCI programs 
that were partly financed by government subsidies. We 
defined high-ceiling programs if payment ceilings exceed 
50 RMB/day for home care, 1900 RMB/month for insti-
tutional care, and 160 RMB/day for hospital care [14] or 
reimbursement rate exceeds 70%. We divided care ser-
vices into more services and less services, with more ser-
vices representing that the pilot cities provided services 
other than daily living care and medical care, such as 
rehabilitation care and psychological counseling, and less 
services representing that the pilot cities only provided 
daily living care and medical care. We divided health 
insurance coverage into two group, UEBMI and UEBMI 
& URRBMI. And to explore whether the relationship 
between LTCI implementation and outcome variables 
differs on these important dimensions.

Results
Descriptive statistics
Table  1 presents the summary statistics for pilot cities 
and non-pilot cities, which reports the mean values and 
standard deviations of outcome variables and covariates. 
We divided the sample of pilot cities into three parts, 
before and after the LTCI implementation and a full 
sample, to carry out a descriptive analysis. For non-pilot 
cities, we conducted descriptive analyses according to 
the year of the CHARLS wave. We can get simple varia-
tion trends of key variables in pilot and non-pilot cities 
through descriptive statistics.
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Main effect of LTCI
Table 2 presents the effects of LTCI on inpatient expen-
diture, outpatient expenditure, inpatient frequency, 
and outpatient frequency. The coefficient of LTCI indi-
cates the LTCI implementation. The results of this study 
show that after LTCI implementation, compared with 
non-pilot cities, inpatient expenditure was significantly 
reduced by 13.4% in pilot cities. LTCI implementation is 
significantly associated with a decrease in medical utili-
zation, a reduction in inpatient frequency by 0.033, and a 
decrease in outpatient frequency by 0.072. We also found 
a reduction in outpatient expenditure by 4.6%, but the 

negative effect was statistically insignificant. With the 
results, we can find that LTCI implementation can effec-
tively reduce the medical utilization and expenditure for 
middle-aged and elderly people.

Robustness check
Figure  2 shows the results of the common trend test, 
on the X-axis, event time “0” represents the reform 
year and the benchmark category is the year prior to 
the LTCI implementation (denoted by -1), we excluded 
the benchmark category to avoid collinearity problems. 
In the Fig.  2, event time “-1” is used as a reference and 

Table 1 Summary statistics
Variables Pilot cities Non-pilot cities

Before After Overall 2011 2013 2015 2018 Overall
Outcome variables
Inpatient frequency 0.161

(0.625)
0.215
(0.743)

0.177
(0.664)

0.121
(0.567)

0.194
(0.667)

0.197
(0.621)

0.276
(0.869)

0.199
(0.695)

Outpatient frequency 0.428
(1.476)

0.281
(1.030)

0.383
(1.357)

0.384
(1.260)

0.472
(1.547)

0.394
(1.317)

0.343
(1.337)

0.398
(1.371)

Ln (Inpatient expenditure + 1) 0.933
(2.724)

1.202
(3.086)

1.015
(2.842)

0.693
(2.308)

1.075
(2.865)

1.136
(2.968)

1.481
(3.345)

1.109
(2.925)

Ln (outpatient expenditure + 1) 1.021
(2.275)

0.782
(2.117)

0.948
(2.230)

0.944
(2.112)

1.156
(2.375)

1.069
(2.347)

0.889
(2.220)

1.016
(2.273)

Covariates
Individual demographic variables
Age 59.402

(9.585)
62.190
(9.661)

60.254
(9.693)

58.743
(9.486)

59.837
(9.783)

60.262
(9.999)

62.723
(9.668)

60.445
(9.852)

Gender 0.490
(0.500)

0.482
(0.500)

0.488
(0.500)

0.485
(0.500)

0.486
(0.500)

0.489
(0.500)

0.483
(0.500)

0.486
(0.500)

Living Area 0.538
(0.499)

0.486
(0.500)

0.522
(0.500)

0.631
(0.482)

0.625
(0.484)

0.623
(0.485)

0.622
(0.485)

0.625
(0.484)

Marriage 0.885
(0.319)

0.861
(0.346)

0.878
(0.327)

0.876
(0.330)

0.867
(0.339)

0.865
(0.342)

0.842
(0.365)

0.862
(0.345)

Type of Insurance 2.378
(1.142)

2.728
(1.090)

2.485
(1.138)

2.478
(1.021)

2.529
(0.960)

2.091
(1.293)

2.643
(1.006)

2.428
(1.104)

Region 1.341
(0.596)

1.277
(0.553)

1.512
(0.500)

1.941
(0.762)

1.946
(0.763)

1.956
(0.767)

1.958
(0.763)

1.951
(0.764)

Number of living children 2.375
(1.340)

2.339
(1.249)

2.364
(1.313)

2.685
(1.428)

2.710
(1.447)

2.763
(1.447)

2.690
(1.374)

2.714
(1.425)

Socioeconomic status variables
Education 0.326

(0.469)
0.314
(0.464)

0.322
(0.467)

0.331
(0.471)

0.336
(0.473)

0.310
(0.462)

0.314
(0.464)

0.322
(0.467)

Income 2.002
(0.821)

2.333
(0.752)

2.103
(0.815)

1.921
(0.771)

1.935
(0.812)

1.825
(0.833)

2.236
(0.778)

1.979
(0.815)

Health level variables
Drink 0.379

(0.485)
0.373
(0.484)

0.377
(0.485)

0.330
(0.470)

0.346
(0.476)

0.350
(0.477)

0.329
(0.470)

0.339
(0.473)

Smoke 0.281
(0.449)

0.267
(0.443)

0.277
(0.447)

0.308
(0.462)

0.247
(0.431)

0.286
(0.452)

0.273
(0.446)

0.278
(0.448)

Chronic diseases 0.702
(0.458)

0.778
(0.415)

0.725
(0.447)

0.684
(0.465)

0.720
0.449

0.791
(0.407)

0.814
(0.389)

0.755
(0.430)

Disability 0.272
(0.445)

0.275
(0.446)

0.273
(0.446)

0.294
(0.456)

0.298
(0.457)

0.327
(0.469)

0.325
(0.468)

0.312
(0.463)

N 7645 3362 11,007 12,613 13,775 15,046 14,304 55,738
Notes: Standard deviations are shown in parentheses
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the coefficient is 0. The coefficient estimates for the pre-
reform period were not significant among these three 
variables, inpatient expenditure, inpatient frequency and 
outpatient frequency, suggesting that these variables of 

pre-reform in the treatment group did not differ from 
those in the control group. In terms of outpatient expen-
diture, the result shows that in several periods before the 
reform, the results of treatment group were significantly 
lower than the control group, which may also be the rea-
son why the difference between the two groups was not 
significant after the LTCI policy implementation.

Table S3 shows the results of heterogeneity robust esti-
mators for staggered treatment timing. The results were 
basically consistent with the main effect results, indicat-
ing that the staggered DID analysis of this study, LTCI 
policy in different periods did not produce severe poten-
tial bias to the results, and the research results were rela-
tively robust.

The results of the effect of LTCI on reimbursement 
and out-of-pocket expenditures are shown in Table  3. 
LTCI implementation is significantly associated with 
a decrease in out-of-pocket inpatient expenditure and 
inpatient reimbursement, which decreased by 10.8% and 
11.8%, respectively. We also found a reduction in out-of-
pocket outpatient expenditure by 3.5% and a reduction 
in outpatient reimbursement by 2.1%, but the negative 

Table 2 Effect of LTCI on medical expenditures and utilization
(1) (2) (3) (4)

Variables Ln (Inpatient 
expenditure)

Ln (outpatient 
expenditure)

Inpatient 
frequency

Outpa-
tient 
fre-
quency

LTCI -0.134**
(0.067)

-0.046
(0.047)

-0.033**
(0.015)

-0.072***
(0.027)

Control 
variables

YES YES YES YES

Time fixed 
effect

YES YES YES YES

Individual 
fixed effect

YES YES YES YES

Observa-
tions

66,745 66,745 66,745 66,745

R-squared 0.431 0.420 0.444 0.409
Notes: Standard errors are shown in parentheses. The significance levels of 1%, 
5%, and 10% are denoted by ***, **, and *, respectively

Fig. 2 Common trend test. The figure depicts coefficients and the 95% confidence intervals for an event study analysis. On the x-axis, number − 1 is the 
benchmark group and indicates the year before LTCI
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effect was statistically insignificant. This finding is con-
sistent with that of the results of medical expenditures, 
which proved the stability of the main effect.

Table S4 reports the results of PSM-DID, the effect of 
LTCI implementation on medical expenditure and uti-
lization after matching is similar to the results before 
matching. As expected, the results show that inpatient 
expenditure was significantly reduced by 13.6% in pilot 
cities. LTCI implementation is significantly associated 
with a decrease in medical utilization, a reduction in 
inpatient frequency by 0.33, and a decrease in outpatient 
frequency by 0.71, respectively. We also found a reduc-
tion in outpatient expenditure by 4.4%, but the negative 
effect was statistically insignificant. It appears that the 
results of the robustness test suggested the reliability and 
sensitivity of the main analysis results.

Heterogeneity
The results of heterogeneity are shown in Fig.  3 and 
Table S5 in Additional file. From the perspective of LTCI 
financing resources, we found that pilot schemes with 
government subsidies significantly reduced the inpatient 
and outpatient expenditure, and inpatient and outpatient 
frequency by 17.3%, 10.1%, 0.048, and 0.098, respectively. 
Pilot schemes with no government subsidies had nega-
tive effects on inpatient expenditure, frequency, and out-
patient frequency, but the results were not significant. 
As for the perspective of health insurance coverage, we 
found pilot schemes covering the UEBMI program could 
significantly reduce inpatient and outpatient frequency 
by 0.029 and 0.069. Pilot schemes covering UEBMI & 
URRBMI programs had more distinct effects on inpatient 
expenditure and frequency, and outpatient frequency, but 
with no significance. Compared to the low reimburse-
ment level schemes, high reimbursement level schemes 
presented a more prominent and significant effect on 
inpatient expenditure and frequency, and outpatient fre-
quency. From the perspective of providing service items, 
we found pilot schemes with fewer services had more 
distinct effects on inpatient expenditure and frequency, 

and pilot schemes with more services had more distinct 
effects on outpatient frequency.

Discussion
Whether the implementation of LTCI can alleviate the 
increasing burden of medical services brought about by 
the aging population, this study used follow-up data from 
CHARLS 2011–2018 to analyze the effect of LTCI on 
medical expenditure and utilization. The results revealed 
that the implementation of LTCI can significantly reduce 
the expenditure and utilization of medical services in 
pilot cities. We found the LTCI implementation signifi-
cantly reduced the inpatient expenditure, by 13.4%. LTCI 
implementation is significantly associated with a decrease 
in medical utilization, a reduction in inpatient frequency 
by 0.033, and a decrease in outpatient frequency by 0.072.

The decreases in medical expenditure and utilization 
may reflect the substitutional effect that formal LTC from 
home care and institutional care instead of hospitaliza-
tion [31, 32]. The substitutional effect refers to the sub-
sidies of LTCI for home care or institutional care, which 
makes patients receiving care in hospitals switch to home 
or institutional care services, thereby reducing the expen-
diture and utilization of medical services. Many studies 
have shown similar results and indicated the existence 
of this substitution effect. One early study found that the 
implementation of a long-term home care program in 
Chicago significantly lowered the risk of long-term hos-
pitalization [33]. Forder found that hospital and home 
care services were substituted among the elderly in the 
UK and the results indicated that for each 1 pound spent 
on home care would lead to a 0.35 pound fall in hospi-
tal expenditure [34]. Goda examined the impact of state 
tax subsidies for private LTCI in the United States and 
found that tax incentives could increase coverage of LTCI 
and reduce Medicaid spending [35]. Two studies also 
found that the implementation of LTCI in South Korea 
significantly reduced the total medical expenditure and 
inpatient expenditure [8, 9]. Gaughan et al. found that 
increasing the number of institutional care beds in the 

Table 3 Robustness check: effect of LTCI on reimbursement and out-of-pocket expenditures
(1) (2) (3) (4)

Variables Ln (Out-of-pocket Inpatient 
expenditure)

Ln (Out-of-pocket Outpa-
tient expenditure)

Ln (Inpatient reimbursement) Ln (Out-
patient 
reimburse-
ment)

DID -0.108*
(0.062)

-0.035
(0.046)

-0.118**
(0.058)

-0.021
(0.030)

Control variables YES YES YES YES
Time fixed effect YES YES YES YES
Individual fixed effect YES YES YES YES
Observations 66,745 66,745 66,745 66,745
R-squared 0.424 0.417 0.416 0.381
Notes: Standard errors are shown in parentheses. The significance levels of 1%, 5%, and 10% are denoted by ***, **, and *, respectively
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United Kingdom would lead to a decrease in the number 
of bed-blocking patients, and reduced the delayed hospi-
tal discharges [36].

According to the results of this study, the substitu-
tion effects of inpatient utilization and expenditure are 
both significant, but the substitution effect of inpatient 
expenditure is more distinct. This may be due to the fact 
that LTCI subsidizes hospital care, institutional care, 
and home care. Beneficiaries who chose home care and 
institutional care instead of hospital care would lead to 
reduce inpatient expenditure and even choosing hospital 
care will also get subsidies and save part of hospitaliza-
tion cost. As for the outpatient medical behavior, the sig-
nificant reduction in outpatient frequency may be due to 
the health effects of LTCI. The health effect is that LTC 
improves the health of the beneficiaries, thereby reduc-
ing the utilization of outpatient. There were studies that 
provided empirical evidence for the health effects of 
LTCI. Stabile et al. found that the increased availabil-
ity of publicly financed of public home care programs 
in Canada increased the utilization of home care and 
improved the health of beneficiaries [37]. Rice et al. used 
data from the United States to find that Medicaid LTC 

policies could effectively improve activities of daily liv-
ing/instrumental activities of daily living (ADL/IADL) 
assistance of beneficiaries and reduce unmet care needs 
[38]. And two empirical studies using the CHARLS data-
base also found that LTCI has health effects on people 
who are covered by LTCI, the implementation of LTCI 
effectively improved the health status of them [39, 40]. 
However, we did not use empirical analysis to verify the 
health effects of LTCI, and the decrease in outpatient fre-
quency may only be caused by the substitution effect of 
home visits and other LTC facility care. We also found a 
reduction in outpatient expenditure by 4.6%, but the neg-
ative effect was statistically insignificant. Perhaps LTCI 
did not provide subsidies for outpatient medical care, and 
outpatient expenditure are higher for the elderly, which 
may cause LTCI to fail to significantly reduce outpatient 
expenditure.

The results of heterogeneity showed the effect of LTCI 
became more pronounced in pilot cities with govern-
ment subsidies in financing. The financing sources of 
LTCI in pilot cities were majorly from the public health 
insurance fund, the results from heterogeneity implied 
a multifaceted strategy would be more conducive to the 

Fig. 3 Heterogeneous effects of LTCI. Notes: The figure shows the DID with matching estimates for the effect of LTCI on the medical expenditure and 
utilization by government subsidies, health insurance coverage, reimbursement level, and number of service items from the perspective of the policy 
designed. Each pair is based on a separate regression with interaction terms between LTCI and indicators for each subgroup. The dots mark the point 
estimates, and the lines indicate 95% confidence intervals
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development of LTCI. Many OECD economies exploit 
general taxation or social insurance as the financing 
method of LTCI, in order to provide a wide range of LTCI 
services and to enable the stable development of LTCI 
[41–44]. China’s healthcare spending is growing fast, 
with 12% a year rising between 2008 and 2017, which is 
4% faster than GDP growth [45]. Moreover, the UEBMI 
and URRBMI funds were already in deficit and needed 
to dip into reserves in many places [46]. Therefore, if the 
financing source is mainly from the public health insur-
ance funds, it is unfavorable to the development of LTCI, 
and it is necessary to explore a multifaceted financing 
mechanism, such as increasing government subsidies, to 
ensure the high-quality development of LTCI [47].

Furthermore, we found pilot schemes covering the 
UEBMI program could significantly reduce inpatient 
and outpatient frequency. At the beginning of the imple-
mentation of LTCI, the LTCI system mainly covered the 
urban employees enrolled in the UEBMI in principle, in 
order to achieve the efficient landing and stable operation 
of the LTCI system. From the results of this study, we can 
see that this scheme indeed achieved good effects. Pilot 
schemes covering UEBMI & URRBMI program had more 
distinct effects on inpatient expenditure and frequency, 
and outpatient frequency, but with no significance. This 
may be because there were fewer pilot cities imple-
menting this scheme and the sample size is small, lead-
ing to insignificant results. However, this pilot scheme 
has already shown a trend towards a more pronounced 
effect of LTCI on medical expenditure and utilization. 
With the continuous improvement of the LTCI, the gov-
ernment should gradually consider including urban and 
rural residents enrolled in the URRBMI in the scope of 
security. Compared with urban employees, older urban 
and rural residents have lower income levels, and less 
access to medical services, and rural residents have more 
unmet LTC care needs [6]. Therefore, the LTCI system 
should gradually realize the comprehensive coverage of 
public health insurance enrollees and expand the scope 
of security, which not only reflects the social equity in 
the establishment of the LTCI but also better controls the 
expenditure and utilization of medical services.

From the perspective of reimbursement level, we also 
found the LTCI effects on medical expenditure and uti-
lization were more distinct with a higher reimbursement 
ceiling. This may be due to providing a higher reimburse-
ment ceiling for LTCI services will give more economic 
incentives to beneficiaries and lead to stronger substitu-
tion effects. The results showed that the effects on the 
outcome variables were both negative and significant in 
the presence of government subsidies and high levels of 
reimbursement, suggesting that the degree of coverage 
made the difference. Government subsidies may make it 
possible for more people to be included in the program, 

and the depth and breadth of services that can be funded 
is greater. Higher levels of reimbursement mean higher 
utilization of LTC facilities so there may be more alter-
native care. In summary, LTCI scheme needs significant 
government support in order to produce substitution 
effects.

We also found pilot schemes only providing daily liv-
ing care and medical care had more distinct effects on 
inpatient expenditure and frequency, and pilot schemes 
with more services provided had more distinct effects on 
outpatient frequency. This may be due to the substitution 
effect of services that reduce the outpatient frequency, 
but some services require hospitalization in a hospital 
or institution, resulting in the possibility of increased 
inpatient expenditure and frequency. The above results 
and discussion of different pilot schemes’ comparisons 
have important policy implications for China to establish 
a more appropriate and sustainable LTCI system in the 
future.

Despite the comprehensiveness and strengths of this 
study, there were some limitations. First, this study ana-
lyzed the effect of LTCI only through the policy docu-
ments issued by the pilot cities and did not conduct 
research on the pilot cities. The actual implementation of 
pilot cities may differ from that described in the policy 
document, which may lead to bias in the results. Second, 
we used the event study method to mainly test the trend 
before the LTCI policy implementation. Since most of the 
pilot cities implemented the LTCI policy in 2016-17, the 
post-trend of event study can only show the short-term 
effect of LTCI. The estimates for the third period after 
reform included only three pilot cities. The results of 
DID analyses also mainly reflect the short-term effects of 
LTCI policy. The long-term effects of LTCI policy should 
be analyzed in the future with additional data. Third, the 
sample size of each pilot is relatively small, so it is still 
necessary to further expand the scope of research objects 
to ensure the representativeness of results. Fourth, due to 
the data limitation, we could not analyze the substitution 
effect of home care and institutional care separately. And 
this result may have important implications for future 
policy directions. With the development of LTCI and the 
increase of data volume in the future, more high-quality 
empirical studies on LTCI can be conducted.

Conclusion
In general, this study found that LTCI implementation 
could effectively reduce the expenditure and utilization 
of medical services. The effects of LTCI become more 
pronounced in pilot cities with government subsidies in 
financing or higher reimbursement ceilings. Compared 
to pilot schemes covering UEBMI & URRBMI pro-
gram, the schemes only covering UEBMI program had 
more prominent and significant effect on inpatient and 
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outpatient frequency. Pilot schemes with more service 
items had lower outpatient frequency, and pilot schemes 
with less service items had lower inpatient expenditure 
and frequency. The results of this study further supple-
mented the existing empirical evidence on the effect of 
LTCI and provided important policy implications for the 
future development of LTCI in China and other develop-
ing countries that are exploring the LTCI system.

Supplementary Information
The online version contains supplementary material available at  h t t p  s : /  / d o i  . o  r 
g /  1 0 .  1 1 8 6  / s  1 2 8 8 9 - 0 2 5 - 2 2 6 1 0 - w.

Supplementary Material 1

Acknowledgements
We would like to express our sincere gratitude to Peking University for 
providing data of CHARLS and to those involved in data collection and 
management.

Author contributions
Conception and design of study: L.X, Y.Y; Collating data: Y.Y, S.Y, W.C; Analysis 
and interpretation of data: Y.Y, S.Y, W.C, C.J; Drafting the manuscript: Y.Y, S.Y; 
Critical revision of the paper for important intellectual content: L.X, Q.Y, S.C, J.J, 
K.L, Z.Z, Y.X;

Funding
This research was supported by the National Natural Science Foundation 
of China (No. 72174068) and Fundamental Research Funds for the Central 
Universities (No. YCJJ20242228).

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethical approval and consent to participate
Ethical approval for CHARLS was granted from the Biomedical Ethics Review 
Committee of Peking University (IRB00001052-11015). All participants signed 
informed consent before interview.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 7 December 2023 / Accepted: 3 April 2025

References
1. United Nations: World Population Prospects 2022: Summary of Results. 2022. 

Available from:  h t t p  s : /  / w w w  . u  n . o  r g /  d e v e  l o  p m e  n t /  d e s a  / p  d / c  o n t  e n t /  W o  r l d  - P 
o  p u l a  t i  o n - P r o s p e c t s - 2 0 2 2. Accessed April 1, 2025.

2. National Bureau of Statistics of China: 2022 national economic and social 
development communication. 2023. Available from:  h t t p  s : /  / w w w  . s  t a t  s . g  o v . c  
n /  s j /  z x f  b / 2 0  2 3  0 2 /  t 2 0  2 3 0 2  2 8  _ 1 9 1 9 0 1 1 . h t m l. Accessed April 1, 2025.

3. World Health Organization: Decade of healthy ageing: baseline report. 2020. 
Available from:  h t t p s :   /  / w w  w .  w h  o  . i  n  t / p  u b  l i c  a t i o   n  s  / i  / i  t e m / 9 7 8 9 2 4 0 0 1 7 9 0 0. 
Accessed April 1, 2025.

4. Cacchione PZ. World health organization leads the 2021 to 2030-Decade of 
healthy ageing. Clin Nurs Res. 2022;31(1):3–4.

5. Zhu HY. Unmet needs in long-term care and their associated factors among 
the oldest old in China. BMC Geriatr. 2015;15:46.

6. Zhu YM, Osterle A. Rural-urban disparities in unmet long-term care needs in. 
China: the role of the Hukou status. Soc Sci Med. 2017;191:30–7.

7. He S, Craig BA, Xu HP, Covinsky KE, Stallard E, Thomas J, Hass Z, Sands LP. 
Unmet need for ADL assistance is associated with mortality among older 
adults with mild disability. Journals Gerontol Ser a-Biological Sci Med Sci. 
2015;70(9):1128–32.

8. Namkyung H, Chung W, Kim R, Lim S, Park CY. Effect of the Long-term care 
insurance policy on medical expenditures for the elderly. Health Policy Man-
age. 2013;23(2):132–44.

9. Lee H, Moon Y. The effect of Long-term care utilization on health care utiliza-
tion of the elderly. Korean J Health Econ Policy. 2015;21(3):81–102.

10. Choi JW, Park EC, Lee SG, Park S, Ryu HG, Kim TH. Does long-term care insur-
ance reduce the burden of medical costs? A retrospective elderly cohort 
study. Geriatr Gerontol Int. 2018;18(12):1641–6.

11. Costa-Font J, Jimenez-Martin S, Vilaplana C. Does long-term care sub-
sidization reduce hospital admissions and utilization? J Health Econ. 
2018;58:43–66.

12. Ariizumi H. Effect of public long-term care insurance on consumption, medi-
cal care demand, and welfare. J Health Econ. 2008;27(6):1423–35.

13. Deraas TS, Berntsen GR, Hasvold T, Forde OH. Does long-term care use within 
primary health care reduce hospital use among older people in Norway? A 
National five-year population-based observational study. BMC Health Serv 
Res. 2011;11:287.

14. 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.

15. Che T, Li J, Li J, Chen X, Liao Z. Long-term care needs and hospitalization costs 
with long-term care insurance: a mixed-sectional study. Front Public Health. 
2024;12:1226884.

16. Tang Y, Chen TR, Zhao Y, Taghizadeh-Hesary F. The impact of the Long-Term 
care insurance on the medical expenses and health status in China. Front 
Public Health. 2022;10:847822.

17. Feng J, Wang Z, Yu Y. Does long-term care insurance reduce hospital 
utilization and medical expenditures? Evidence from China. Soc Sci Med. 
2020;258:113081.

18. Dai WD, Lu S. The socialization of elderly hospitalization in China: develop-
ment, problems, and solutions. J Social Service Res. 2018;44(4):518–28.

19. Kutzin J. Health financing for universal coverage and health system per-
formance: concepts and implications for policy. Bull World Health Organ. 
2013;91(8):602–11.

20. Zhao Y, Hu Y, Smith JP, Strauss J, Yang G. Cohort profile: the China health and 
retirement longitudinal study (CHARLS). Int J Epidemiol. 2014;43(1):61–8.

21. Wolinsky FD, Johnson RJ. The use of health services by older adults. J Geron-
tol. 1991;46(6):S345–357.

22. Andersen RM. National health surveys and the behavioral model of health 
services use. Med Care. 2008;46(7):647–53.

23. Clarke D, Tapia-Schythe K. Implementing the panel event study. Stata J. 
2021;21(4):853–84.

24. Borusyak K, Jaravel X, Spiess J. Revisiting Event-Study designs: robust and 
efficient Estimation. Rev Econ Stud. 2024;91(6):3253–3285.

25. Callaway B, Sant’Anna PHC. Difference-in-Differences with multiple time 
periods. J Econ. 2021;225(2):200–30.

26. Roth J, Sant’Anna PHC, Bilinski A, Poe J. What’s trending in difference-in-
differences? A synthesis of the recent econometrics literature. J Econ. 
2023;235(2):2218–44.

27. Becker SO, Ichino A. Estimation of average treatment effects based on pro-
pensity scores. Stata J. 2002;2(4):358–77.

28. Bockerman P, Ilmakunnas P. Unemployment and self-assessed health: evi-
dence from panel data. Health Econ. 2009;18(2):161–79.

29. He F, Qin SQ, Liu YY, Wu J. CSR and idiosyncratic risk: evidence from ESG 
information disclosure. Finance Res Lett. 2022;49:102936.

30. Wen SY, Jia ZJ, Chen XQ. Can low-carbon City pilot policies significantly 
improve carbon emission efficiency? Empirical evidence from China. J Clean 
Prod. 2022;346:131131.

31. Lu B, Mi H, Yan GY, Lim JKH, Feng GG. Substitutional effect of long-term care 
to hospital inpatient care? China Econ Rev 2020;62:101466.

32. Kim H, Helmer DA, Zhao ZL, Boockvar K. Potentially preventable hos-
pitalizations among older adults with diabetes. Am J Managed Care. 
2011;17(11):E419–26.

33. Hughes SL, Manheim LM, Edelman PL, Conrad KJ. Impact of long-term 
home care on hospital and nursing home use and cost. Health Serv Res. 
1987;22(1):19–47.

https://doi.org/10.1186/s12889-025-22610-w
https://doi.org/10.1186/s12889-025-22610-w
https://www.un.org/development/desa/pd/content/World-Population-Prospects-2022
https://www.un.org/development/desa/pd/content/World-Population-Prospects-2022
https://www.stats.gov.cn/sj/zxfb/202302/t20230228_1919011.html
https://www.stats.gov.cn/sj/zxfb/202302/t20230228_1919011.html
https://www.who.int/publications/i/item/9789240017900


Page 12 of 12Yao et al. BMC Public Health         (2025) 25:1379 

34. Forder J. Long-term care and hospital utilisation by older people: an analysis 
of substitution rates. Health Econ. 2009;18(11):1322–38.

35. Goda GS. The impact of state tax subsidies for private long-term care 
insurance on coverage and medicaid expenditures. J Public Econ. 
2011;95(7–8):744–57.

36. Gaughan J, Gravelle H, Siciliani L. Testing the bed-blocking hypothesis: does 
nursing and care home supply reduce delayed hospital discharges? Health 
Econ. 2015;24(Suppl 1):32–44.

37. Stabile M, Laporte A, Coyte PC. Household responses to public home care 
programs. J Health Econ. 2006;25(4):674–701.

38. Rice JB, Kasper JD, Pezzin LE. A comparative analysis of medicaid long-
term care policies and their effects on elderly dual enrollees. Health Econ. 
2009;18(3):275–90.

39. Cao N, Shi T, Pan C. Does long-term care insurance reduce the disability 
among middle-aged and older adults? Evidence from China. BMC Public 
Health. 2023;23(1):1138.

40. Ye X, Hu M, Lin H. Effects of the Long-term care insurance on health 
among older adults: A panel data from China. Int J Health Policy Manage. 
2023;12:7664.

41. Ikegami N. Financing Long-term care: lessons from Japan. Int J Health Policy 
Manage. 2019;8(8):462–6.

42. Nadash P, Doty P, von Schwanenflugel M. The German Long-Term care 
insurance program: evolution and recent developments. Gerontologist. 
2018;58(3):588–97.

43. Mosca I, van der Wees PJ, Mot ES, Wammes JJG, Jeurissen PPT. Sustainability 
of Long-term care: puzzling tasks ahead for Policy-Makers. Int J Health Policy 
Manage. 2017;6(4):195–205.

44. Doty P, Nadash P, Racco N. Long-term care financing: lessons from France. 
Milbank Q. 2015;93(2):359–91.

45. Yip W, Fu H, Chen AT, Zhai T, Jian W, Xu R, Pan J, Hu M, Zhou Z, Chen Q, et al. 
10 Years of health-care reform in China: progress and gaps in universal health 
coverage. Lancet (London England). 2019;394(10204):1192–204.

46. Li F, Otani J. Financing elderly People’s long-term care needs: evidence from 
China. Int J Health Plann Manag. 2018;33(2):479–88.

47. Feng Z, Glinskaya E, Chen H, Gong S, Qiu Y, Xu J, Yip W. Long-term care 
system for older adults in China: policy landscape, challenges, and future 
prospects. Lancet (London England). 2020;396(10259):1362–72.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	﻿Impact of long-term care insurance on medical expenditure and utilization and the comparison between different pilot schemes: evidence from China
	﻿Abstract
	﻿Introduction
	﻿Institutional background
	﻿Data and variables
	﻿Data collection and sample
	﻿Outcome variables
	﻿Independent variables
	﻿Covariates


	﻿Method
	﻿Results
	﻿Descriptive statistics
	﻿Main effect of LTCI
	﻿Robustness check
	﻿Heterogeneity


	﻿Discussion
	﻿Conclusion
	﻿References


