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Spillover Effects of Long-term Care Insurance on Spouse’s 

Labor Supply 

By XIAO HAN, ZINING LIU, AND WEI ZHENG* 

Expanding labor supply to sustain the economy will increasingly become a priority 

for China and other rapidly aging countries in the coming decades. Using data from 

China Health and Retirement Longitudinal Study (CHARLS), we provide a nationally 

representative estimate from China for the effect of long-term care insurance (LTCI) 

on spouses’ labor supply. We exploit the introduction of public LTCI in 42 Chinese 

cities in a generalized difference-in-difference propensity score matching (PSM-DID) 

framework to explore the effect of LTCI and its mediation mechanism with careful 

attention to sample selection issues. Firstly, we find a significant and positive effect of 

LTCI on the labor supply of the insureds’ spouses. This spillover effects exist both on 

the extensive margin (labor participation rate) and the intensive margin (prolonged 

working hours and rewards in earnings). Secondly, we find that the possible 

mediating mechanisms are spouses’ potential health improvement and their 

re-allocation of time brought about by replacing informal family care with formal 

care services. Thirdly, we focus on the heterogeneous effects of LTCI on labor supply. 

We find that the effect varies by gender and age, and the LTCI policy design regarding 

target groups and reimbursement rules also significantly impacts the spillover effects. 

(JEL I18, J22, J31, I10) 

I. Introduction 

For people with chronic illnesses or disabilities in a rapidly aging population, 

long-term care (LTC) services are in great demand (Feng et al., 2020). For instance, 

across 26 European OECD countries in 2017, 50% of people aged 65 and over (65+) 

reported having at least some limitations in their daily activities, among which 17% 

reported severe limitations (Indicators and Hagvísar, 2019). Some studies expect that 

on average, the publicly funded LTCI expenditure in OECD countries would reach 2.5% 

of GDP in 2060 (Oliveira and Maisonneuve, 2015). The increasing number of aging  
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China, 100871 (e-mail: hanxiaosky@pku.edu.cn); Liu: School of Insurance, Central University of Finance and Economics, 

Shahe District, Beijing, China, 102206 (e-mail: ziningliu@cufe.edu.cn); Zheng: Department of Risk Management and Insurance, 

School of Economics, Peking University, and China Center for Insurance and Social Security Research (CCISSR), Peking 

University, No.5 Yiheyuan Rd, Beijing, China, 100871 (e-mail: wzheng@pku.edu.cn). 
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disabled also raises the demand for informal family care. Previous literature shows 

that informal care is preferred over institutional formal care by care recipients and 

their relatives (Mentzakis et al., 2009; Lipszyc et al., 2012; Blaise, 2018; Hajek et al., 

2018). For elderly disabled, their spouses are often one of the most common type of 

care providers (especially wives), who are predicted to be an increasingly important 

source of informal family care considering the declining fertility rate, the decreasing 

number of children, and the expanding elderly population (Ryan et al., 2012). 

Meanwhile, aging is also increasingly exerting pressure on the labor market. 

Governments in different countries are trying to prolong people’s working lives and 

increase their labor market participation (Fischer and Müller, 2020). Under the current 

demographic changes, more and more people stay in the labor force market until their 

late sixties.1 Given that most caregivers are in their age of 50+ (Johnson and Wiener, 

2006; Van Houtven et al., 2013; Schmitz and Westphal, 2017), they are faced with a 

time conflict between labor supply and informal care provision (Fischer and Müller, 

2020). Analysis of labor supply among the elderly (e.g., spouses of the disabled) will 

help inform family and labor policy formulations in the context of an aging society. 

In response to the mounting demand for LTC, many countries have launched 

long-term care insurance (LTCI) systems, aiming at socializing the responsibility of 

LTC for the elderly, considering their rising life expectancy (Chen et al., 2020), 

shrinking household size (Carmichael and Charles, 2003), and the increasing number 

of working wives (Liu et al., 2014). As an essential component in the modern social 

security system, LTCI mainly covers the daily care expenses or provides additional 

financial support for individuals with disabilities caused by illness or injury. Previous 

studies mainly focus on the direct effects of LTCI on health status (Jeon and Kwon, 

2017), labor supply (Fu et al., 2017), consumption (Ariizumi, 2008), and investment 

decisions (Davidoff, 2010) of the disabled themselves. However, health shocks may 

affect not just the individuals who experience them but also their family members as a 

whole (Jeon and Pohl, 2017). Studies have noticed that formal care service presents a 

substitute for informal family care (Charles and Sevak, 2005; Stabile et al., 2006; 

Cremer et al., 2016), and LTCI is thus expected to have spillover effects on family 

caregivers by reducing their economic burden, physical toil and psychological 

 
1 Statistics in Japan and the US reveal labor participation rates at 42.7% and 30.8% for people aged 65-69 years 

old to participate in the labor force market (Statistics, 2016; Japan, 2016). 
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pressure and increasing their labor supply accordingly (Kumamoto et al., 2006; 

Bobinac et al., 2010; Levine et al., 2010; Arai and Zarit, 2011; Bakx et al., 2015). 

Family caregivers may choose to increase their probability of labor participation or 

re-enter the labor market (Fu et al., 2017) after getting rid of the heavy burden of care. 

The assessment of caregivers’ response to LTCI is of great significance to offer a 

more comprehensive insight into the evaluation of LTCI arrangements from the 

perspective of family welfare and the social economy. This paper contributes several 

ways to the inconclusive existing studies on the spillover effects of LTCI on 

caregivers’ labor supply among individuals with heterogeneous characteristics. 

Firstly, we try to answer the question whether LTCI has a significant positive effect 

on caregivers' labor supply. Studies on caregivers’ labor market outcomes of LTCI are 

relatively scarce. To the best of our knowledge, there are very few studies on the 

spillover effects of LTCI on caregivers’ labor supply in a narrow sense2, and their 

results are controversial. Fu et al. (2017) found a significantly increased labor 

participation rate of caregivers after the introduction of LTCI in Japan in 2000 and a 

decrease in labor supply after the amendment of LTCI in 2006, during which the 

benefit of LTCI was reduced. Kim and Lim (2015) found that the crowd-out effect of 

Korean LTCI on informal care was heterogeneous among caregivers who provided 

services to the disabled elderly at different health levels. Geyer and Korfhage (2015a; 

2015b; 2017) found that benefit in cash of German LTCI inhibited family caregivers' 

labor supply, indicating that not all LTCI could stimulate the labor supply of family 

caregivers. To shed light on such effects, we analyze how one’s availability to LTCI 

affects his/her spouse's employment and earnings and provide new mechanical and 

empirical evidence of LTCI’s effect on family caregivers’ labor supply, using China as 

a case study. We also investigate the LTCI’s heterogeneous spillover effects on labor 

supply across different groups. 

Secondly, this paper is one of the first to look at the effect of LTCI on caregivers’ 

labor market performance from multiple dimensions. Previous studies show that 

 
2 Although there are plenty of studies exploring the causal impact of informal care activities on labor supply and 

earnings (Wolf and Soldo, 1994; Ettner, 1995; Ettner, 1996; Carmichael and Charles, 1998; Johnson and Sasso, 

2000; Dentinger and Clarkberg, 2002; Carmichael and Charles, 2003; McGarry, 2007; Heitmueller, 2007; Bracke 

et al., 2008; Bolin et al., 2008; Lilly et al., 2010; Casado-Marín et al., 2011; Ciani, 2012; Van Houtven et al., 2013; 

Sugawara and Nakamura, 2014; Crespo and Mira, 2014; Heger, 2014; Yamada and Shimizutani, 2015; Fukahori et 

al., 2015; Skira, 2015; Schmitz and Westphal, 2017; Niimi, 2018), literature exploring the effect of long-term care 

insurance on caregivers’ labor supply is indeed quite few. 
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formal care usually conducts as a substitute to family informal care (Mellor, 2001; 

Charles and Sevak, 2005; Stabile et al., 2006; Kim and Lim, 2015). Public LTCI often 

provides generous formal care services and/or subsidies, which is expected to mitigate 

the time conflict between caregivers’ labor supply and informal care provision. We 

focus on the simultaneous influence of LTCI on caregivers’ career choices and 

working behaviors on the extensive and intensive margin. First of all, we investigate 

the extensive margin whether economically active caregivers opt to increase their 

probability in labor participation when their spouses are under the coverage of LTCI, 

employing a difference-in-difference propensity score matching (PSM-DID) method. 

Then, we investigate the intensive margin that whether caregivers increase their total 

working hours and obtain more hourly income caused by various possible factors, 

including the improvement of productivity, taking on more responsibilities, and 

pursuing a workplace promotion (Sageer et al., 2012; Jaskiewicz and Tulenko, 2012). 

We also study caregivers’ job-hopping behavior within and between self-employed 

and employed work, the responsibilities, working conditions, and time schedules of 

which are quite different by nature (Schmitz, 2016; Hassan, 2016). 

Thirdly, this paper provides causal evidence about how the effect of LTCI transits 

to caregivers’ labor supply. We identify this causal effect through two mediating 

indicators: caregivers’ health status and their re-allocation of time. Literature shows 

that higher levels of health are associated with more time spent in the labor market 

(Ozturk and Kose, 2019). For caregivers, informal care burden can harm their 

physical health (Do et al., 2015) and mental health (Coe and Van Houtven, 2009), 

making caregivers away from the competitive labor market. LTCI’s provision of 

accessible formal care services may reduce the care burden and improve caregivers’ 

health level (Schmitz and Westphal, 2015), which further increases labor supply. In 

this paper, we analyze whether LTCI could promote spouses’ labor market 

performance by preventing potential health impairments. Meanwhile, rational 

individuals also face the choice of allocating time to labor supply, enjoyment of 

leisure, and provision of informal care (Hallberg, 2003; Heitmueller, 2007; 

Bredtmann and Vonnahme, 2019). Evidence on the substitution and complementary 

relationship between informal care and leisure time are both found. Some studies 

argue that caregivers cut back on leisure time in order to provide informal care 

(McGarry, 2006), while others argue that individuals reduce their labor supply to 

provide care to their sick spouses and enjoy joint leisure with their family at the same 
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time (Michaud and Vermeulen, 2011; Jeon and Pohl, 2017) under their hearty 

patient-centered values (Chiang and Wu, 2020). The final effect of LTCI on leisure 

time is an open question, leading to the indecisive effects on the spillover effects of 

LTCI on caregivers’ total working hours. In this paper, we analyze whether LTCI 

could promote spouses’ labor market performance by reducing leisure time. 

Results confirm that informal care provision puts restrictions on caregivers’ labor 

supply and LTCI stimulates their willingness to work by reducing their care burden. 

We find a significant increase in spouses’ labor participation rate (+5.9%) upon the 

introduction of LTCI. Total working hours rise by about 80.78 hours/year (or 13.3 

minutes/day) and the hourly salary of paid employment rises by about 2.76 RMB 

yuan (approximately $0.43). Affected caregivers’ increases in labor supply are driven 

mainly by promoted health level and reduced informal care hours and joint leisure 

time. In heterogeneity analysis, we find that after the introduction of LTCI, women’s 

increase in labor supply is much more than that of men, indicating a larger tendency 

to become a caregiver for wives than husbands. We also find evidence that young 

spouses are more willing to participate in work and pursue a promising career than 

older ones. Moreover, caregivers in LTCI pilot cities with both severely and 

moderately disabled individuals covered are found to provide more labor force 

compared to those in cities with only severely disabled individuals covered, mainly 

attributed to the weakening substitution relationship between formal and informal care 

among more severely disabled persons. High-intensity-caregivers for totally 

care-dependent individuals seem to give no response to LTCI and may choose to 

accompany their beloved care recipients, who are suffering from severe illness and at 

a risk of death (Fischer and Müller, 2020). Caregivers are also unaffected in LTCI 

pilot cities where the insurance only provides cash transfers instead of subsidies of 

formal care services. These findings hold under various robustness checks and are 

absent in placebo regressions. 

The remainder of this paper is organized as follows. In Section II, we give detailed 

information about the institutional features of LTCI in China and draw our hypotheses 

from former literature. Section III describes the dataset and the construction of 

variables. Section IV presents the empirical framework, including methods of 

PSM-DID and the mediating analysis. Section V shows the results. Section VI 

provides a heterogeneous analysis. Section VII gives several robustness checks. 

Section VIII concludes and provides a brief discussion. 
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II. Background and Literature Review 

A. Long-term Care Insurance Initiatives in China 

To assure the elderly with affordable care services, in June 2016, public long-term 

care insurance (LTCI) pilots was launched in China with the release of the official 

document “Guiding Opinions on the Pilot Program of Long-term Care Insurance 

System” (Human Resources and Social Security Ministry of China, 2016). This 

document announced the first batch of 15 pilot cities. In September 2020, the central 

government decided to expand the LTCI pilots to additional 14 cities. Besides the 

above pilots, some other cities started their own LTCI programs. Until April 2021, 77 

cities in 27 provinces have issued detailed plans of LTCI (see Table 1 and Fig. 1). All 

of the pilots are financed by existing public health insurance programs — the Urban 

Employee Basic Medical Insurance (UEBMI) that covers formal-sector employees 

and the Urban-Rural Resident Basic Medical Insurance (URRBMI)3 that covers other 

residents in urban and rural areas. LTCI fund is a fixed amount or a particular 

percentage of the existing public health insurance funds. Some pilots also have 

supplemental funding from the government (and welfare lotteries), individuals, or 

employers. There is a significant variation in funding standards, ranging from 30 to 

700 RMB yuan (around $4.6 to $107.7) each year per person. All 77 cities cover 

UEBMI enrollees, while only a handful also cover URRBMI enrollees. Individuals in 

pilot cities with the corresponding public health insurance participate in LTCI 

automatically. 

Typical practices in some pilots are summarized in Table A.1 in Appendix A. We 

also summarized critical features of LTCI pilot programs, including fundraising 

channels and benefits of different LTC services in Table A.2 and Table A.3. Eligibility 

for LTCI benefit is stringent (see Fig. A.1 in Appendix A). In most cities, beneficiaries 

must be severely disabled for at least six months, evaluated by assessing their ability 

to carry out activities of daily living (ADL) based on the Barthel score or its variant. 

Two categories of services in three locations are covered: nursing care and daily 

living care in hospitals/institutions/at home. Eligible insureds can apply for both 

 
3 Including urban resident medical insurance and new rural cooperative medical insurance in the old system, and 

urban-rural resident basic medical insurance in the new system. 
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services in one of the above locations according to their severity of disability. Home 

care services are provided at beneficiaries’ residences or health centers in local 

communities, including basic life care (such as bathing and turning over), common 

clinical care (such as nasal feeding and catheterization), risk prevention guidance 

(such as fall prevention guidance), and functional maintenance/rehabilitation training 

(such as eating training, passive joint activities). Services of institutional care are 

often provided in aged care facilities, including long-term residence, meals, 

necessities of daily lives, and also basic life care, primary clinical care, risk 

prevention guidance, and functional maintenance/rehabilitation training. Hospital care 

services are usually provided in local hospitals, including long-term residence and 

more medical-intensive clinical care. Benefits packages vary from city to city. Some 

pilots reimburse users with a fixed percentage of the total care expenditures with a cap. 

Others reimburse a fixed amount per day (or month) with limits on the total service 

hours (or days). To encourage home care provided by relatives, beneficiaries in some 

pilots who received home care continuously over a specific length of time are 

provided with extra cash benefits. 

In previous literature, effects of these pilots on the access, quality, and cost of LTC 

have been evaluated (Yang et al., 2016; Wang et al., 2018; Lu et al., 2017; Li, 2018; 

Yang et al., 2018; Zhu and Österle, 2019; Zhang and Yu, 2019; Ma et al., 2019; Chang 

et al., 2020) with quite different findings partly attributed to their distinctive 

institutional backgrounds in different cities. Under the cooperation of local 

governments and private insurance companies, the LTCI system is now 

well-organized in many pilots, although details of LTCI policy rules are still 

undergoing adjustments to ensure an appropriate and favorable institutional design. 

Variations in LTCI programs enable us to investigate how policy features affect 

caregivers’ labor supply in different regions across China. 
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[Insert Table 1 here] 

 

 

[Insert Figure 1 here] 

 

 

B. Literature Review and Research Hypotheses 

Previous literature indicates that informal family care is the primary source of care 

services for the disabled in the absence of a convenient and affordable formal care 

system (Meng and Tang, 2010; Bhattacharyya et al., 2011; Lu et al., 2017). Studies 

also show that family caregivers are providing informal care at the expense of their 

personal health (Schmitz and Westphal, 2015) and reduced working hours (Michaud 

and Van Soest, 2008; Coe and Van Houtven, 2009). Many studies have noticed a 

substitution relationship between informal care provided by family caregivers and the 

formal care provided by hospitals and nursing homes (Charles and Sevak, 2005; 

Stabile et al., 2006; Cremer et al., 2016; Huang and Fu, 2017). Therefore, formal care 

provided and subsidized by LTCI may crowd out informal family care and thus 

effectively reduce family caregivers’ burden (Kumamoto et al., 2006; Arai and Zarit, 

2011), which may improve caregivers’ health status and lead to a further increase in 

labor supply. 

In our paper, we focus on three important issues related to the effect of LTCI on 

labor supply, which were not investigated by previous studies. The first one is the 

inconclusive results in related literature about the impact of LTCI on the labor market 

for both theoretical research and empirical research (Lilly et al., 2007). On the one 

hand, LTCI demonstrates an “opportunity cost effect” on family caregivers’ labor 

supply. As a way of self-insurance, after adverse health shocks, family caregivers will 

reduce labor supply and spend more time accompanying and providing informal care 

for the disabled family member (Bobinac et al., 2010; Jeon and Pohl, 2017). Benefits 

provided by LTCI reduces the marginal cost of formal care (equal to the opportunity 

cost of informal care), thereby reducing family caregivers’ incentives to provide 

informal care, which will increase their labor supply accordingly (Kim and Lim, 2015; 

Geyer et al., 2017; Fu et al., 2017). On the other hand, LTCI has a “consumption 

smoothing effect”. Health risks usually have a negative impact on family annual 

income (Blundell et al., 2007; Blundell et al., 2016). After the health shock, the 
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spouse and other dependents' financial situation is invariably affected if the primary 

earner of the family loses ability to generate income. To smooth household’s 

consumption under different health states and guarantee a basic standard of living, 

family caregivers will increase labor supply to make up for lost income, which is 

called the "added worker effect" (AWE) (Lundberg, 1985; Stephens, 2002). LTCI 

benefit protects family members from severe poverty and weakens the "added worker 

effect”, resulting in a reduction in family caregivers’ labor supply4. Therefore, the net 

impact of LTCI on labor supply is inconclusive and determined by these two opposite 

effects. 

[Insert Figure 2 here] 

 

 

Previous studies focus on the effect of LTCI on informal care (Kim and Lim, 2015) 

or the effect of informal care on caregivers’ labor supply at both the extensive margin 

and the intensive margin (Lilly et al., 2007; Schmitz and Westphal, 2017). Other 

studies focus on informal care's effect on labor market performance via family 

caregivers’ physical and mental health (Bauer and Sousa-Poza, 2015; Kohl et al., 

2019; Rellstab et al., 2020). Fu et al. (2017) investigate the effect of LTCI on labor 

supply just at the extensive margin while without exploring the effect on the labor 

market performance. To our knowledge, there is limited research about the effect of 

LTCI on the labor market performance of caregivers. Furthermore, previous studies 

indicate that the continuous disposable time released by LTCI increases family 

caregivers’ probability of choosing full-time jobs (Blundell, Pistaferri, et al., 2016) 

and thus improves their working productivity by a richer workplace experience as 

well as increases their wage rate accordingly. In this context, we try to fill the gap and 

analyze whether LTCI works effectively in improving the labor market performance 

of caregivers from multiple dimensions. 

Regarding the controversy in existing research, we try to figure out the net spillover 

effects of LTCI on caregivers’ labor market performance and come up with the 

following Hypothesis 1. We will explore it in section V. 

 
4 However, Chu et al. (2018) found that when faced with health shocks, medical insurance payments and other 

extra guarantees did not promptly become a risk compensation tool for rural households to smooth consumption. 

Family members still need to increase labor supply when the effect of LTCI is difficult to effectively demonstrate 

in a short time. 
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Hypothesis 1: LTCI improves caregivers’ labor market performance (including the 

extensive and intensive margins). 

The second issue in the related literature is how LTCI affects labor supply via 

mediation factors. Studies found that informal family care would increase caregivers’ 

physical burden and mental pressure, reduce their social interaction levels (Sugisawa 

et al., 1997), and hurt their physical and mental health (Michaud and Van Soest, 2008; 

Coe and Van Houtven, 2009; Zhang et al., 2009). Moreover, family caregivers are 

constrained by the time length of informal care, and they usually have insufficient 

time to seek medical treatment and cannot recover from the onerous duties in time (Yu 

and Feng, 2018). The deteriorated health resulting from informal care may have two 

adverse effects on caregivers' labor market performance. On the one hand, the 

deteriorated health will lead to a decline in labor productivity, resulting in obstacles to 

getting employed or promoted. On the other hand, individuals in poor conditions tend 

to quit the labor market (Li and Tan, 2019). Studies found that unhealthy physical and 

mental conditions significantly reduced their productivity and hourly income, which 

further reduced their enthusiasm in labor participation (Rellstab et al., 2020). 

Therefore, informal care has negative effect on labor supply via deteriorated health 

status, while LTCI can reduce informal care burden and improve the labor market 

performance via improving health status (Kumamoto et al., 2006; Arai and Zarit, 2011; 

Strumpf, 2011). In this paper, we investigate the role of health status as a mediating 

factor influencing the spillover effects of LTCI on caregivers’ labor supply. This leads 

to our Hypothesis 2.1, which will be explored it in section V. 

[Insert Figure 3 here] 

 

 

Moreover, LTCI may affect labor supply via changing time allocation of different 

time-consuming activities. To be specific, individuals need to choose different 

time-consuming activities under certain time endowments. These activities include 

working, leisure, and provision of informal care in our research. Some studies argue 

that caregivers often cut back on leisure time and labor supply in order to provide 

informal care (White-Means and Chang, 1994; McGarry, 2006). Other studies argue 

that individuals only reduce their labor supply to provide informal care to their sick 

spouses and enjoy joint leisure at the same time (Michaud and Vermeulen, 2011; Jeon 
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and Pohl, 2017). Caregivers also tend to seek more leisure activities to relieve their 

psychological pressure and painful experience in caregiving (Schüz et al., 2015). After 

the introduction of LTCI, the provision of convenient and cheap formal care services 

could release more disposable time for caregivers to re-allocate. The effect of LTCI on 

leisure time is inconclusive, making the effect of LTCI on total working hours 

indecisive. This paper will explore this time re-allocation effect of LTCI on family 

caregivers and figure out their labor supply decisions based on their different 

socio-demographic characteristics. The redistribution of time between leisure 

activities and labor supply is also affected by individuals’ preferences and other 

external factors (Aguiar et al., 2021). We try to provide empirical evidence for the 

mediation mechanism of leisure activities on LTCI’s spillover effects of caregivers’ 

labor supply. This leads to our Hypothesis 2.2, which will be explored it in section V. 

[Insert Figure 4 here] 

 

 

Hypothesis 2.1 (mediation effect of health level): LTCI affects caregivers’ labor 

supply via physical and mental health. 

Hypothesis 2.2 (mediation effect of time re-allocation): LTCI affects caregivers’ 

labor supply via caring time and leisure time. 

The third issue in related literature is the heterogeneous effect of LTCI on labor 

supply across different groups and different LTCI policies. Considering the 

differences in the labor supply elasticity of individuals with different characteristics, 

there may exist a discrepancy in the spillover effects of LTCI on caregivers’ labor 

supply across different groups by gender, age, income, living arrangement, education 

level, and retirement status (Carmichael and Charles, 2003; Blundell et al., 2016; Fu 

et al., 2017). We are particularly concerned about the heterogeneity of the LTCI 

spillover effects in different groups by gender and age. For the age issue, as the life 

expectancy becomes longer in many countries, more and more elderly decide to leave 

the labor market later (Hirazawa and Yakita, 2017). However, individuals of different 

ages have diversified labor market responses and labor supply elasticity to policy 

changes, and the response of older retirees is quite modest because of their relatively 

low labor capability and low elasticity (Lee et al., 2016). For the gender issue, 
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previous studies believe that women are more likely to become caregivers than men, 

and LTCI may thus have a more significant impact on wives’ labor supply than 

husbands. In the US, for instance, female caregivers are more likely to provide 

intensive care for their parents, resulting in a lower probability of labor participation 

than non-caregivers (Skira, 2015). In Canada, the labor participation rate of female 

caregivers was also found lower than that of non-caregivers (Lilly et al., 2010), and in 

Japan, studies have also shown that informal care provided by female caregivers has a 

negative impact on their labor supply (Sugawara and Nakamura, 2014; Yamada and 

Shimizutani, 2015). This paper explores the heterogeneous responses in labor supply 

among caregivers for different groups by age and gender. Here we develop 

Hypothesis 3.1 and will explore it in section VI. 

Moreover, we try to figure out whether the eligibility for LTCI application would 

affect the its spillover effects. Previous studies find that formal care is not necessarily 

a substitute for informal family care. As the level of disability of the elderly person 

increases, the substitution relationship between informal care and formal care tends to 

disappear. It even demonstrates a gradually stronger complementary relationship in 

the particular period before the death of the elderly (Bonsang, 2009; Huang and Fu, 

2017). These results highlight the heterogeneous effects of informal care on formal 

care and suggest that informal care is an adequate substitute for formal care only if the 

care needs of the elderly are low and require unskilled types of care. In some LTCI 

pilot cities, both severely disabled (with a Barthel score less than 40) and moderately 

disabled (with a Barthel score more than 40 and less than 60) elderly can apply for 

benefits; but in other pilots, only severely disabled elderly is eligible LTCI benefits. 

The impact of LTCI on the labor supply of caregivers for moderately and severely 

disabled people is expected to be different. 

Finally, we are concerned about whether benefit in kind or benefit in cash would 

promote caregivers’ labor supply in a more efficient way. Studies show that LTCI 

benefit in cash may decrease family caregivers’ labor supply. Geyer et al., (2017) 

found that the introduction of German LTCI which provided benefits in cash had a 

negative impact on men caregivers’ labor supply but had no significant impact on 

women caregivers. We develop Hypothesis 3.2 and explore the heterogeneous 

spillover effects of LTCI on caregivers considering different eligibility and benefits of 

LTCI policies in section VI. 
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Hypothesis 3.1 (heterogeneity of the spillover effects): The spillover effects of LTCI 

vary across different groups by age and gender. 

Hypothesis 3.2 (heterogeneity of the spillover effects): The spillover effects of LTCI 

vary across different LTCI policies regarding eligibility and benefits. 

III. Data and Variables 

A. Data 

We use China Health and Retirement Longitudinal Study (CHARLS) to investigate 

the effect of LTCI on individuals' labor supply whose husband/wife was recently 

covered by LTCI. CHARLS belongs to a family of well-established international 

health and retirement datasets including, for example, the Health and Retirement 

Study (HRS) in the US, the English Longitudinal Study of Ageing (ELSA) in England, 

and the Survey of Health, Aging, and Retirement in Europe (SHARE). CHARLS 

surveys nationwide residents mainly aged 45 years and older (with no upper age limit) 

and their spouses, totaling 17.7 thousand individuals living in 10.3 thousand 

households in 450 villages/communities (Zhao et al., 2014) in each survey year. A 

stratified (by per capita GDP of urban districts and rural counties) multi-stage PPS 

(probabilities proportional to size) random sampling strategy was adopted. Following 

detailed protocols for sampling, field survey, and data quality verification, the 

CHARLS national baseline survey was firstly conducted in 2011 in 150 counties of 28 

provinces across China. The second-, third- and fourth-wave national surveys in 2013, 

2015, and 2018 aimed to revisit the same respondents sampled in the first wave. 

Information in CHARLS includes respondents’ demographic backgrounds, family 

features, health levels, cognition and depression, health care and medical insurance5, 

working hours and corresponding income (income and costs of self-employed work, 

and wage and benefits of employed work), retirement and pension, expenditures and 

assets, housing property, and basic community conditions. CHARLS is also one of the 

best choices for studies of aging issues because of its focus on senior people, with 

more than 97.2% of respondents 45 years of age or older. To analyze the dynamic 

changes of individual’s labor participation rate in different years and compare the 

 
5 Questions about LTCI were newly introduced into CHARLS in 2018. However, most of the interviewees did not 

answer these questions. 
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working hours and hourly income for different groups, we select the sample of 

individuals who were continuously interviewed in 2011, 2013, 2015, and 2018 by 

ruling out respondents with missing information in one of the four years. We keep the 

variables consistently measured across the data set and finally obtain a balanced 

four-year panel data with 13,019 respondents in each year. 

B. Treatment Group, Control Group, and “Intention-to-Treat Effect on the Treated” 

Individuals with UEBMI and (or) URRBMI in pilot cities participate in LTCI 

automatically, providing a quasi-natural experimental setting in which we can 

examine the impact of LTCI on their spouses’ labor supply. We could determine 

whether an individual is covered by LTCI by figuring out whether his/her city of 

residence belongs to LTCI pilots and whether the local LTCI program is eligible 

within their basic health insurance. From Table 1, we find that only 42 pilot cities6 

launched their own LTCI programs before July 2018, after which the last wave of 

CHARLS was conducted.7 

[Insert Figure 5 here] 

 

 

Note that we do not observe directly whether an individual actually received LTCI 

benefits. We can only observe the city of his/her residence but have no information 

concerning other eligibility criteria (e.g., bedridden for more than six months due to 

illness, disability, etc., and being assessed for LTC needs with a Barthel score less 

than 40). Here, we estimate an “intention-to-treat effect on the treated (ITT)8” (Dolls 

et al., 2018) instead of the traditional “average treatment effect on the treated (ATT)”. 

We examine the overall policy effect on the targeted population (all individuals in 

pilot cities who meet LTCI enrollment conditions) regardless of whether he/she has 

already received LTCI benefits. Therefore, ITT analysis tends to underestimate the 
 
6 CHARLS only covers 26 of the 42 LTCI pilot cities: Qingdao, Weifang, Shangrao, Jinan, Beijing, Jilin, Jingmen, 

Chengde, Shanghai, Anqing, Hangzhou, Chengdu, Xuzhou, Guangzhou, Linyi, Jiaxing, Linfen, Qiqihar, Suzhou, 

Liaocheng, Ningbo, Chongqing, Binzhou, Taizhou, Changsha, and Weihai. However, there is no information in 

CHARLS about the other 16 LTCI pilot cities: Changchun, Rizhao, Nantong, Xingtai, Songyuan, Shihezi, Tonghua, 

Tai’an, Baishan, Jining, Karamy, Zibo, Changji, Dongying, Heze, and Yantai. 

7 CHARLS surveys were generally carried out in August during each investigation year, so we focus on cities 

where the LTCI policy was conducted before July 2018. 

8 ITT analysis examines the average treatment effect on the targeted population of LTCI policy instead of the 

population actually affected by the policy. 
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traditional ATT effect, making our results more convincing if we still drew a 

significant conclusion under ITT estimation. The policy effect estimated here (ITT) is 

the product of ATT (average treatment effect on individuals who actually receive 

LTCI benefit) and the proportion of individuals who actually receive LTCI benefit 

(Fisher et al., 1990; Gupta, 2011). In CHARLS, the proportion of individuals with 

moderate and severe disability is about 17%, making the actual estimation of the 

spillover effects about six times larger than our results. 

𝐼𝑇𝑇 = 𝐴𝑇𝑇 ×
𝐼𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑎𝑙𝑠 𝑤ℎ𝑜 𝑎𝑐𝑡𝑢𝑎𝑙𝑙𝑦 𝑟𝑒𝑐𝑒𝑖𝑣𝑒 𝐿𝑇𝐶𝐼 𝑏𝑒𝑛𝑒𝑓𝑖𝑡

𝐴𝑙𝑙 𝑖𝑛𝑑𝑖𝑣𝑖𝑑𝑢𝑎𝑙𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑝𝑖𝑙𝑜𝑡 𝑐𝑖𝑡𝑖𝑒𝑠 𝑤ℎ𝑜 𝑚𝑒𝑒𝑡 𝑡ℎ𝑒 𝑐𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛𝑠 𝑜𝑓 𝐿𝑇𝐶𝐼 𝑒𝑛𝑟𝑜𝑙𝑙𝑚𝑒𝑛𝑡
 

Under our research framework, the treatment group includes individuals whose 

spouses reside in pilot cities that launched the LTCI program before July 2018 and are 

covered by corresponding basic medical insurance9. The control group includes 

individuals whose spouses reside in cities without LTCI or in cities with LTCI but are 

not covered by corresponding basic medical insurance. The LTCI policy variable 

iTreatment  is defined as a dummy variable ( 1iTreatment   for the treatment group, 

0iTreatment   for the control group). 

C. Outcome Variables and Covariates 

We could clarify the spillover effects of LTCI through changes in outcome 

variables before and after the policy shock. In the main analysis, we first examine the 

effect of LTCI on the labor participation rate of spouses and then extend our analysis 

to both their working hours and hourly income. We confirm each spouse’s current 

status of work by a question in the “Work, Retirement and Pension” questionnaire: 

“Did you engage in XXX work for at least 10 days in the past year?” and consider 

individuals to participate in the labor market if they self-report “yes”, or currently do 

not work but self-report looking for work. We consider individuals “not working” if 

they self-report that they currently do not work or have retired. 

Next, we focus on the spillover effects of LTCI on the intensive margin of labor 

supply. Previous studies indicate that there are considerable differences in the 

recruitment process, working schedule, salary payment method and level, and glass 

ceilings between individuals employed by others and by themselves, resulting in 

 
9 It should be noted that the treatment group covered by LTCI vary in different pilot areas. All pilots cover 

UEBMI enrollees, while only a handful also cover URRBMI enrollees. 
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different elasticity of working hours and hourly income with these jobs (Barón and 

Cobb-Clark, 2010; Noon et al., 2013; Mandel and Semyonov, 2014). Therefore, we 

analyze the working hours and hourly income of three types of work. Specifically, we 

studied the aggregated time of different types of labor in the last year, including 1) 

yearly hours on self-employed work, 2) yearly hours on employed work, and 3) total 

yearly hours of the both. Moreover, we studied individuals’ corresponding hourly 

income of different types of work in the past year, including 1) hourly income of 

self-employed work, 2) hourly income of employed work, and 3) average hourly 

income of the both. To clarify, we regard informal family care as “care time”, which is 

mutually exclusive with “labor time” or “leisure time”. 

Furthermore, we focus on two mediation mechanisms of the spillover effects of 

LTCI: health levels of caregivers and their re-allocation of time. For the first 

mechanism, the mediating variables are: 1) number of chronic diseases10, and 2) total 

score for depression11, which are widely used as typical health factors affecting labor 

supply (Zhang et al., 2009; Langley et al., 2010; Ojeda et al., 2010; Garthwaite et al., 

2014). For the second mechanism, the relevant variables are: 1) yearly hours of 

informal family care, and 2) yearly hours of leisure. Covariates include variables that 

have an influence on individuals' labor supply, including individual characteristics 

(age, gender, ethnicity, marital status, education level, self-rated health, outpatient 

frequency, inpatient frequency, medical insurance participation12) and household 

characteristics (family size, number of children, number of siblings, whether a house 

owner, whether living alone, annual family income, deposit, and financial assets). 

Outcome variables and covariates in the basic and mediating analysis are listed in 

Table 2, and descriptive statistics are listed in Table 3.

 
10 The number of chronic diseases (e.g., heart problems) of caregivers themselves has a significant negative effect 

on their willingness to provide informal care and their work productivity (Ågren et al., 2010). Researchers also 

find that individuals who are suffering inconvenience and chronic pains from diseases report a lower subjective 

health level and lower satisfaction concerning daily lives (Ganapathy et al., 2015). 

11 Yıkılkan et al. (2014) find a negative effect of one’s depression level and psychological illness on caregivers’ 

labor supply. 

12 The related question is: “Are you currently covered by the following medical insurance?” 1. Urban employee 

medical insurance (yi-bao); 2. Urban resident medical insurance; 3. New cooperative medical insurance 

(he-zuo-yi-liao); 4. Urban and rural resident medical insurance; 5. Government medical insurance (gong-fei); 6. 

Medical aid; 7. Private medical insurance: purchased by work unit; 8. Private medical insurance: purchased by an 

individual; 9. Urban non-employed person’s health insurance; 10. Other medical insurance. 
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[Insert Table 2 here] 

 

 

[Insert Table 3 here]
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IV. Empirical Strategies 

A. PSM-DID Method: Does LTCI Affect the Labor Supply of Spouses? 

There is potential endogeneity between labor supply and caregiving activities 

where researchers argue that the informal caregiving activities stem from their lower 

labor supply (Lilly et al., 2007). Previous studies suggested that certain family 

members have a low tendency to participate in the labor market, leading them to be 

more willing to provide informal care instead of applying for LTCI benefits (Henz, 

2004; Van Houtven et al., 2013). Some studies solve the endogenous problem using 

the instrumental variable (IV) method (Bolin et al., 2008; Coe and Van Houtven, 2009; 

Heitmueller, 2007; Leigh, 2010; Van Houtven et al., 2013). However, such studies did 

not take the possibility that the labor supply trend before the LTCI introduction will 

affect informal care provision into consideration, leaving the potential endogenous 

problems still unsolved (Fu et al., 2017). To deal with this problem, we use the 

difference-in-difference propensity score matching (PSM-DID) method to reduce the 

influence of selection bias and solve the endogeneity problem caused by the omission 

of covariates and nonlinear terms (Caliendo and Kopeinig, 2008). This method has 

been used in many pieces of literature to study the impact of LTCI on medical 

expenditure (Ma et al., 2019) and family caregivers' labor supply (Geyer and 

Korfhage, 2015a). 

The essence of PSM-DID method is to compare the change in outcome variables 

tY  of treated individuals before and after the introduction of LTCI 

1 0( | 1)t s tE Y Y LTCI    to a counterfactual change 0 0( | 1)t s tE Y Y LTCI   , as if they were 

not affected by the policy changes. The counterfactual change, in turn, is an actual 

change for controlled individuals, i.e., 0 0( | 0)t s tE Y Y LTCI    if a common trend 

assumption is satisfied: 0 0 0 0( | 1) ( | 0)t s t t s tE Y Y LTCI E Y Y LTCI      . The assumption 

means that without the intervention of LTCI policies, the trend of labor supply in the 

treatment group and the control group should be the same. From 2011 to 2018, LTCI 

pilots have been launched in different cities one after another, so we apply a 

multi-period PSM-DID method to estimate the spillover effects with the following 

regression equation, 

   [Insert Formula 1 here] 

 

Where _ itLabor supply  represents the outcome variables and 
tYear  is a series of 

year dummy variables with its coefficient β1 representing the year fixed effect. 𝛼i 
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is a series of individual dummy variables and its coefficient β2  measures the 

individual fixed effect that does not change over time. 
iTreatment  is a dummy 

variable for distinguishing the treatment and control groups. 
itTime  is also a dummy 

variable that marks the introduction of LTCI. Individuals in different cities participate 

LTCI at different time. For our four-period data, (0,1,1,1)itTime  , (0,0,1,1)itTime   or 

(0,0,0,1)itTime   indicates that individuals began to be covered by LTCI at the second 

(2013) 13 , the third (2015) 14  or the fourth (2018) 15  period, respectively. The 

coefficient β3 of *it iTime Treatment  represents the change in outcome variables of the 

treatment group relative to the control group after the introduction of LTCI, indicating 

the policy effect of LTCI. 𝑋it is a vector composed of a series of covariates. For 

randomly assigned treatment group, the parallel trends assumption should be satisfied, 

   [Insert Formula 2 here] 

 

Where 3, 2, 1j      represents the third, second, and the first period before the 

introduction of LTCI in different pilot cities. Its coefficient j  represents the 

difference in outcome variables between the treatment and control groups before 

LTCI was first introduced to the city. However, the random assignment of treatment 

and control groups, or the common trend assumption, is a crucial criterion for DID 

method. In practice, researchers often utilize a similar criterion to determine the two 

groups by nature or by uncontrollable factors (J. Heckman et al., 1998). When we 

assess the influence of LTCI on labor supply, ideally, the control group should be 

individuals randomly or naturally extracted to be unaffected by LTCI. Unfortunately, 

such an assumption is often difficult to satisfy. There are non-negligible differences in 

economic development, disability severity of the elderly, and family care mode 

between cities of treatment and control groups. Before designing and implementing 

LTCI policies, the government usually takes regional conditions into account, 

including the socio-economic level and the adequacy of medical insurance funds of a 

city, making the choice of a pilot far from a natural experiment. It is also unethical to 

select old persons randomly to receive LTCI benefits. 

To make the common trend assumption more credible, alternatively, we extract the 

controlled respondents to match the treated ones based on their similarity in terms of 

 
13 Qingdao city. 

14 Weifang city and Changchun city. 

15 Other 39 pilot cities. 
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propensity scores. The propensity score ( 1 | )itp LTCI X  measures the probability of 

being treated conditional on a set of covariates 
itX , where only controlled individuals 

with propensity scores overlapped within a bandwidth to those treated are extracted 

for DID estimations. PSM-DID can remove the selection bias and confounding bias 

caused by the non-randomness of the selection of LTCI pilot (Rosenbaum and Rubin, 

1983) and eliminate the unobservable individual heterogeneity that does not change 

over time (Bryson et al., 2002). We first derive the propensity score using logistic 

regression: 

[Insert Formula 3 here] 

 

The above equation predicts the probability of being treated and defines it as the 

propensity score. 
itX  is a set of covariates representing respondents’ individual and 

household characteristics. According to preceding studies, individuals who are female, 

elderly, with a smaller family size, and lack substitutes for informal care are more 

likely to become caregivers and less likely to enter the labor force. People with 

unfavorable health status (e.g., poor self-rated health) may also self-selected into 

caregiving (Schmitz and Westphal, 2015) and stay out of the labor force market. We 

take these factors into consideration for our PSM analysis (Austin, 2011; Brookhart et 

al., 2006; Garrido et al., 2014). 

We then match and compare each treated respondent's outcome variables to a 

weighted set of outcome variables of controlled respondents through the Gaussian 

kernel matching method. Specifically, each individual in the control group will be 

weighted inversely by their distance in propensity score from that of treated 

individuals within a bandwidth (i.e., 0.05) of the score (Heckman et al., 1997). 

Individuals with a propensity score located outside the bandwidth will be disregarded 

from the common support domain. We then check whether Rubin's B < 25 and 

whether Rubin's R ∈(0.5, 2) in order to pass the balancing test (Rubin, 2001) and 

make sure that the matched treatment and control group is randomly assigned. We 

then could trace the changes in ITT after the introduction of LTCI to obtain the 

PSM-DID estimator as follow, 

[Insert Formula 4 here] 

 

Here the subscript i and j denote individuals in treatment group T and control 

group C, respectively; S represents the area of common support, and 𝑤𝑖𝑗 shows the 

corresponding weight for kernel matching. The estimators ITT catch the improvement 
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of individuals’ labor supply with the introduction of LTCI after removing systematic 

differences between treated and controlled individuals. The advantage of this method 

lies in that it can make full use of the sample information. It is widely used in the 

evaluation of policy and reform effects (Zhou and Cao, 2017). 

B. Mediation Analysis: Are Health Level and Time Re-allocation Mediating Variables 

of the Spillover Effects of LTCI? 

After figuring out the spillover effects of LTCI on individual’s labor supply, we are 

also interested in the mediating effect of LTCI on individual’s labor supply in which 

the mediating variable is health level and time re-allocation. We use 
itChannel  to 

denote the observed health level or leisure time. Because the health level (leisure time) 

can be affected by LTCI, there exist two potential values, 1

itChannel  and 0

itChannel , 

only one of which will be observed. For example, if individual i actually covered by 

LTCI, then we observe 1

itChannel  but not 0

itChannel . We use ( )it itLabor Channel  to 

denote the outcome variable, labor supply, resulted from the mediating variable 

itChannel .The causal mediation effects or indirect effects for each individual i as 

follows: 

[Insert Formula 5 here] 

 

The above equation examines the change of the outcome variables 𝑌it  if the 

mediators 
itChannel  change from the value of individuals without LTCI (namely 

0

itChannel ), to the value of individuals with LTCI (namely 1

itChannel ), which could be 

observed in the real world. In section V, we will apply the Sequential Regression 

Coefficient method of Baron and Kenny (1986) and use the KHB method (Karlson 

and Holm, 2011; Karlson et al., 2010; Breen et al., 2013) to decompose the total effect 

into direct and indirect effects. The KHB method is a general decomposition method 

that is unaffected by the rescaling or attenuation bias that arises in cross-model 

comparisons in nonlinear models. It recovers the degree to which a covariate, 

itChannel , mediates or explains the relationship between independent variables and a 

latent outcome variable, underlying the probability model (Kohler et al., 2011). Firstly, 

we examine whether LTCI can significantly affect the mediation factors 
itChannel  of 

spouses: their leisure time or health level. Secondly, we explore whether there exists a 

significant correlation between LTCI and spouses’ labor supply without the control of 

mediation factors 
itChannel . Finally, we analyze the impact of LTCI on labor supply 



22 

 

with the covariate 
itChannel  and obtain the policy effect after ruling out the mediation 

effect. If the policy effect of LTCI on labor supply in the third step smaller than the 

one in the second step, we believe that the mediation effect exists. 

Step 1: [Insert Formula 6 here] 

Step 2: [Insert Formula 7 here] 

Step 3: [Insert Formula 8 here] 

The corresponding hypothesis are as follows: 

[Insert Formula 9 here] 

 

If 1

0H , 2

0H  and 3

0H  could be rejected at the same time, we will conclude that 

there exists significant mediation effect. Moreover, if 4

0 : 0H    could also be 

rejected, then we regard 
itChannel  as an incomplete mediation effect. However, if 

4

0 : 0H    could not be rejected, then we call 
itChannel  a complete mediation effect. 

According to the Difference of Coefficient Methods (MacKinnon et al., 2007), we can 

obtain the numerically estimate of mediation effect by computing η − 𝜁 in this linear 

case. Similarly, the Product of Coefficients Method regards   as a valid estimate of 

the causal mediation effect (MacKinnon et al., 2002) as long as the Sequential 

Ignorability Assumption (“SIA”; Imai et al., 2010) and the Linearity Assumption 

holds (Jo, 2008). SIA confirms that the selection of the LTCI pilot is random and 

independent of the mediation variables 
itChannel  and the outcome variable 

_ itLabor supply , and that 
itChannel  satisfies the exogenous assumption. SIA could be 

met after we conduct a propensity score matching and obtain two groups of 

individuals with similar characteristics except for their probability of being treated 

(Pan and Bai, 2015). Under another framework, we also examine whether 5

0 : 0H    

could be rejected (Sobel, 1982). If 5

0 : 0H    is rejected, we believe there exists a 

mediation effect and we will further identify the proportion of medication effects and 

direct effects in the total effect (MacKinnon et al., 2002). The relationship between 

mediation effect (or indirect effect), direct effect and total effect is 

_ _ _Total effect Direct effect Mediation effect  . 
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V. Results 

A. The Spillover Effects of LTCI on Spouses’ Labor Supply 

We show the sample size, mean and median standardized differences (SD) across 

all covariates before and after kernel propensity score matching (Table 4). Comparing 

the size of matched subsamples on common support to that of unmatched ones, we 

confirm that over 98% of the treated individuals have at least one controlled 

respondent staying within the 0.05 bandwidth of their propensity scores. 

[Insert Table 4 here] 
 

The mean and median standardized differences across all covariates provide a 

framework to test the extent to which the treated individuals are quasi-experimentally 

randomized. Randomization will be achieved when treated respondents are matched 

with highly similar controls such that the mean and median SD shall be trivial 

between treatment and control groups. We find that the matched samples all passed 

the balancing test, with Rubin’s B = 14.7 < 25 and Rubin’s R = 0.88 ∈(0.5, 2), 

indicating the common trend assumption between treatment and control groups is met. 

However, the overall balances in all covariates, nonetheless, do not guarantee balance 

in each covariate. We further test the balance in mean SD of each covariate in the 

post-PSM subsamples. Although there is no generally agreed criterion upon 

significant imbalances of covariates, maximum SD at 10% is taken to signify 

negligible differences in previous studies (Austin, 2011). We find in Table 5 that in 

the post-matching subsample, all the covariates involved pass the balancing test with 

the absolute standardized bias of the covariates less than 10%. 

[Insert Table 5 here] 
 

 

[Insert Figure 6 here] 
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Fig. 6 shows the results of tests for parallel trends after propensity score matching. 

It can be found that the outcome variables and potential mediation factors (individuals’ 

physical health, mental health, and leisure hours per year) all passed the parallel trend 

tests in 2011, 2013, and 2015. However, in 2018, some variables demonstrate a 

coefficient significantly different from zero. Fig. 6 shows that after the propensity 

score matching, the core outcome variables and mediating variables all passed the 

parallel trend test. 

A.1 Extensive Margin: Probability of Labor Participation 

This section examines the effect of LTCI on spouses’ labor participation. We first 

examine the matched individuals' total probability of labor participation (TPLP) and 

the probability of participating in self-employed work (SPLP), and paid employment 

(EPLP). The results are shown in Table 6. 

[Insert Table 6 here]
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From Table 6, we find that LTCI does improve the labor participation rate of 

individuals whose husbands/wives reside in LTCI pilot cities. Specifically, after the 

introduction of LTCI, spouses become 5.9% more likely to enter the labor force 

market than individuals whose husbands/wives reside outside the range of LTCI 

benefits. Furthermore, treated spouses in LTCI pilot cities are 4.0% more likely to 

participate in self-employed work, and a slightly more likely to participate in paid 

employment (2.0%, insignificant). On the one hand, attributed to the flexible time 

schedule of self-employed work, the corresponding labor participation rate could be 

adjusted immediately after the introduction of LTCI and increased 4.0% than the 

control group. On the other hand, things are different with jobs of paid employment. 

The searching of paid employment jobs often takes a longer time and involves more 

complicated process, so it is difficult for individuals to get employed in a relatively 

short time period. 

Regarding the types of work chosen by family caregivers, Yamada and Shimizutani 

(2015) found that the impact of informal care on labor supply differs in terms of 

working intensity of a job, and Dispenza et al. (2019) found that living with a disabled 

family member affects people’s career choice. Self-employed work is widely chosen 

among caregivers partly because it allows individuals to arrange time schedules 

according to their preference and obtain more discretionary time (Thompson and 

Prottas, 2006). However, we examine the spillover impact of LTCI on spouses’ 

willingness to participate in self-employed non-agricultural work and find a negative 

effect (not shown in Table 6).16 In fact, according to the answers of CHARLS 

respondents, individuals usually choose private or family business work mainly 

because of their own unsatisfactory health reasons, the need for caring for family 

members, or being forced to leave. The greater pressure associated with ownership of 

a small business detracts from the advantages of having autonomy (Thompson and 

Prottas, 2006). After the introduction of LTCI, spouses who had to engage in 

overloaded work in order to maintain fundamental living expenses might stop their 

self-employed non-agricultural jobs. 

 
16 Due to space limitations, the results of the impact of LTCI on the subcategories of self-employed work 

(self-employed agricultural work and self-employed non-agricultural work) have not been shown in the article. 

Readers can request from the author. 
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A.2 Intensive Margin: Yearly Working Hours 

In recent studies, Bolin et al. (2008) and Van Houtven et al. (2013) measure the 

impact of family caregiving activities on not only the extensive margin (i.e., labor 

participation) but also the intensive margin (i.e., working hours and their hourly 

income). We estimate the spillover effects of LTCI on the total and subdivided kinds 

of working hours in Table 7. 

We find that the total yearly hours of work increased significantly after the 

introduction of LTCI. Specifically, LTCI plays a role of helper for family caregivers in 

pilot cities, releasing about 81 hours of annual labor supply for each spouse (or 13.3 

minutes/day). Besides, LTCI resulted in a 96-hour’s significant increase in 

self-employed working hours per year. Since self-employed work is often relatively 

flexible and can be adjusted conveniently and promptly, individuals tend to prolong 

their hours devoted to these types of work immediately after reducing informal care 

hours. By contrast, the time schedule of paid employment is often fixed during a 

particular period. It is more difficult for employees to extend their working hours in a 

short period. In Table 7, we find a smaller and significant positive spillover effect (67 

hours per year) on paid employment. 

[Insert Table 7 here] 
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A.3 Intensive Margin: Hourly Income 

Many studies have explored informal care's impact on caregivers’ hourly salaries 

(Schmitz and Westphal, 2017). Reduced care burden by LTCI may have a positive 

impact on their own physical and mental health level, which can stimulate the 

enthusiasm of family caregivers to seek a promising career and promote their 

productivity in the workplace (Bauer and Sousa-Poza, 2015; Kohl et al., 2019; 

Rellstab et al., 2020). Furthermore, previous studies find a positive correlation 

between working hours per day and working productivity (Blundell et al., 2016), 

indicating better workplace performance of a full-time job than a part-time job. LTCI 

may increase caregivers’ working hours and health status, further improving their 

productivity and wage rate. We estimate their yearly working hours and hourly 

income in Table 8. 

In Table 8, we do not find a significant effect of LTCI on spouses’ average hourly 

income and the hourly income of self-employed work. By contrast, we find a positive 

effect of LTCI introduction on hourly income of employed work. Individuals whose 

spouses are covered and subsidized by LTCI have a higher hourly wage (2.76 RMB 

yuan/hour or $0.43/hour) than those without LTCI. Combined with the results above, 

we find that although the probability of labor participation may not be increased 

obviously in a short time for paid employment, their hourly wages indeed increased 

significantly, indicating a potential higher productivity. In general, the improvement 

of caregivers’ working enthusiasm is reflected differently across labor categories. 

LTCI increases working hours for self-employed workers, while for employed 

workers, LTCI improves their working hours and productivity simultaneously. 

[Insert Table 8 here] 
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B. Causal Mediation Effects 

In causal mediation analysis, we examine the indirect effects of LTCI on the 

outcome variables (labor supply) through mediation factors (Robins and Greenland, 

1992). As mentioned above, there may exist two channels concerning the effect of 

LTCI on spouses’ labor supply. Firstly, LTCI can reduce spouses’ care burden and 

improve their physical and mental health, and thus promote their labor supply both on 

the extensive and intensive margins. Secondly, the benefit and reimbursement of LTCI 

make the formal care services more cost-effective and will reduce the provision of its 

substitute, informal care. The joint leisure time with family members may also be 

reduced at the same time to provide more working hours and make more money. 

Thereby, family members may have more disposable time to re-allocate and increase 

their labor supply. 

B.1 Mechanism I: Spillover Effects Through the Improved Health Level of Spouses 

Empirical results indicate that a higher health level is often associated with more 

time spent in the labor market (Ozturk and Kose, 2019). Informal care burden can 

harm caregivers’ physical and mental health (Barnay and Juin, 2016), increase the 

number of chronic diseases and the depression risk of caregivers, making them away 

from the labor market. LTCI’s provision of accessible formal care services can reduce 

such burden and thereby improve individuals’ health and their enthusiasm in labor 

supply. In our following analysis, we choose two variables as mediation indicators 

about individuals’ physical and mental health: the number of chronic diseases and the 

depression score. Table 9 shows the health promotion effect of LTCI. 

[Insert Table 9 here] 
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Firstly, it can be seen from Table 9 that LTCI significantly reduced the number of 

spouses’ chronic diseases (-0.161, significantly), indicating that people's physical 

health has indeed been improved after LTCI’s introduction. It may result in a potential 

increase in their willingness to work (Ganapathy et al., 2015). Secondly, the heavy 

care burden for the disabled may also harm the mental status of caregivers (Yıkılkan 

et al., 2014). Previous studies have shown that informal care significantly increases 

the risk of depression for caregivers (Alfakhri et al., 2018). Fortunately, LTCI reduces 

caregivers’ degree of depression by a reduction in depression score (-0.095). 

Next, we examine whether LTCI increases spouses’ hours of labor market 

performance by improving his/her physical and mental health. In many countries, 

chronic disease is the major cause of death and disability and a reflection of 

significant changes in dietary habits, physical activity levels, and tobacco use (Halpin 

et al., 2010; Waxman, 2004). Individuals with chronic diseases are usually faced with 

significantly reduced productivity at work, unemployment, and premature retirement 

(Zhang et al., 2009). After the provision of more convenient and cheaper formal care 

services, spouses of the disabled could may be able to escape from the heavy burden 

and get access to a healthier lifestyle. Besides, previous studies find that mental 

illness is associated with a significantly poorer labor market performance (Chatterji et 

al., 2007; Andersen, 2015). LTCI improved spouses’ mental state by reducing their 

depression score and would thus increase their willingness to work and their work 

performance. 

We examine whether the effects of LTCI on spouses’ labor supply become smaller 

or insignificant after adding the variable of physical health level (measured by the 

number of chronic diseases) to the covariates. Table 10 confirms this mediating 

mechanism, from which we find a smaller or a decreased significant level after we 

controlled for spouses’ physical health level. Moreover, we conduct PSM-DID 

analysis in groups with different physical health levels. We find from Table 11 that 

spouses in a better physical health condition are more likely to participate in the labor 

market than those in a relatively poorer physical health condition (7.7% significant 

compared with 3.8% insignificant). We also witness a more significant increase in 

spouses’ total working hours for spouses with no chronic disease (significant 125 

hours/year) than those with at least one chronic disease (insignificant 57 hours per 

year). We find the same trend in their hourly income as well (4.0 significant compared 

with 0.7 insignificant), indicating that health is a critical variable for promoting 

working productivity. 
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[Insert Table 10 here] 
 

 

[Insert Table 11 here] 
 

 

Mental health status is also critical in individuals’ labor provision decisions. We 

examine whether the effects of LTCI on spouses’ labor supply become smaller or 

insignificant after adding the variable of mental health level (measured by the 

depression score of the CES-D scale) to the covariates. Table 12 confirms this 

mediating mechanism, from which we find a smaller or a decreased significant level 

after we controlled for spouses’ mental health level. In the previous literature, people 

with a score less than 7.5 generally have no depressive symptoms; people with a score 

between 7.5 and 10 may have depressive symptoms; people with a score of 10 or 

more have depressive symptoms and it is recommended to see a psychologist (Radloff, 

1977). In Table 13, we find a more significant increase in spouses’ probability of labor 

provision, total yearly working hours and hourly wages with a higher mental health 

level (9.7% significant compared with 3.1% insignificant; 142 hours/year significant 

compared with 34 hours/year insignificant; 6.7 yuan/hour significant compared with 

-0.03 yuan/hour insignificant).  

The results of T-test suggest that physical and mental health of caregivers play 

important roles in the significant promotion of spouses’ labor market performance 

after the introduction of LTCI. Through a positive spillover effect of LTCI on spouses’ 

health status, their labor supply and productivity would be further stimulated. 

 

[Insert Table 12 here] 
 

 

[Insert Table 13 here] 
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B.2 Mechanism II: Spillover Effects Through the Re-allocation of Time 

Many researchers argue that the complementary relationship between leisure and 

care is essential when modeling spouses' labor supply choices (McGarry, 2006; 

Michaud and Vermeulen, 2011; Jeon and Pohl, 2017). Rational individuals with 24 

hours per day face the choice of allocating time to the following three categories of 

activities: labor supply (L), enjoyment of leisure (including sleeping, eating, 

socializing, and entertainment, E), and provision of informal care (C). These three 

items are strictly mutually exclusive as one cannot enjoy leisure or provide informal 

care services while working. However, there is an unintuitive relationship between 

care activities and leisure time. McGarry (2006) finds that female caregivers often cut 

back on leisure time in order to provide care, while Michaud and Vermeulen (2011) 

argue that individuals will enjoy more leisure time to accompany their disabled 

spouses. Jeon and Pohl (2017) find a tendency to spend more leisure time together for 

couples after a severe health shock, reflecting a complementarity relationship of 

leisure and informal care. From this perspective, LTCI may reduce one’s leisure time 

at the same time while reducing their informal care provisions. It can be seen from 

Table 14 that the implementation of LTCI has a negative effect on spouses’ total hours 

of providing informal care to their disabled family members, and their leisure hours 

are also reduced. We find evidence that LTCI crowds out about 81.62 hours of 

informal care per year17, and the yearly leisure time is also taken away to some extent 

(a 238.46 hours’ decrease in yearly leisure hours). LTCI provides an opportunity for 

spouses of the disabled to get away from the long-term care burden and obtain more 

time at their disposal. Moreover, complementary spousal leisure predicts a decrease in 

spouses’ leisure time and a further increase in their labor supply (Boyle and Lahey, 

2016).  

[Insert Table 14 here] 

 

  

 
17 Descriptive statistics shows that the average informal care time for the treatment group is 117.043 hours/year. 

After the LTCI’s introduction, the length of informal care was reduced by 81.62 hours. It could be found through 

simple calculations that informal care time was reduced from 137.448 hours per year [calculated from 

(117.043*4+81.62)/4] to 55.828 hours per year [calculated from (137.448-81.62)] with a reduction rate of 59.4% 

[calculated from (81.62/137.448*100%)], indicating that LTCI greatly reduced caregivers’ burden of informal 

family care. 
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From the above discussion, we find that after the introduction of LTCI, spouses’ 

labor supply increase could be partly attributed to the reduction of both informal care 

time and leisure time. Individuals reported needing an average of 7.1 hours of sleep to 

feel their best and people with less than 7 hours of sleep time per day are often faced 

with time conflicts (Knutson et al., 2017). We examine whether the effects of LTCI on 

spouses’ labor supply become smaller or insignificant after adding the variable of the 

leisure time (measured by the yearly leisure hours) to the covariates. Table 15 

confirms this mediating mechanism, from which we find a smaller or a decreased 

significant level after we controlled for spouses’ leisure time. Moreover, we divided 

the respondents into two groups according to the leisure time (including sleeping, 

eating, socializing, and entertainment) less than 8 hours and at least 8 hours 

(Rosenzweig, 1985). In Table 16, we find that compared with caregivers who prefer 

and spend more leisure time, spouses who were faced with time conflicts before the 

introduction of LTCI tend to re-enter the labor market (10.7%) once they have access 

to more disposable daily hours. However, individuals who choose to spend more 

leisure time with their families are less likely to face a severe time conflict between 

family care provision and making money in labor market. As a result, we find a 

smaller increase of the labor participation rate (6.1%). 

 

[Insert Table 15 here] 

 

 

[Insert Table 16 here] 
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VI. Heterogeneous Analysis 

A. Heterogeneity of Individual’s Characteristics 

1) Age 

In most of the literature, labor supply is measured among caregivers aged 15-64 

years old in the light of corresponding mandatory retirement legislation. In China, the 

current retirement age is 60 years old for men, 55 years old for female officials, and 

50 years old for female workers (State Council of China, 1994). However, under the 

current demographic changes, excluding people older than 65 from analyses 

overlooks an increasing extent to which the elderly enters the labor force. The latest 

statistics in Japan and the US reveal labor participation rates at 42.7% and 30.8% for 

people aged 65-69 years old to participate in the labor force market (Statistics, 2016; 

Japan, 2016). It can be reasonably expected that the labor participation rate of the 

elderly in a gradually aging society will increase in the future. More importantly, as 

many caregivers in China are spouses of disabled elderly individuals (Insurance 

Association of China, 2019), analysis of labor supply among caregivers aged 65+ will 

help inform family and labor policy formulations in the context of a super-aged 

society. 

In this section, we first conduct the propensity score matching of different 

individuals at their age of 59 years old and below (younger people) and 60 years old 

and above (older people). We expect a different spillover effect in different age groups 

at their distinctive stages of life and have different attachment levels to the labor 

market (Fu et al., 2017) and their distinctive elasticity of labor supply would impact 

the strength of LTCI’s spillover effects. Notable differences of confounding covariates 

between treatment and control groups are commonly found across pre-PSM 

subsamples (Table C.2.1 and Table C.2.2). All the covariates are balanced in 

post-PSM subsamples (i.e., mean SD < 10%). 

The heterogeneity of LTCI’s spillover effect by age is shown in Table 17. 

PSM-DID estimators find that LTCI does improve the labor participation rate of 

treatment group for different age groups with 6.3% in the younger group (59 years old 

and below) and 5.2% in the older group (60+ years old), indicating that young 

spouses are a bit more sensitive to the benefits of LTCI. However, treated older 

individuals contribute to the majority of the prolonged working hours (194 hours/year) 

while we do not find a significant difference in younger adults’ labor hours. In 
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addition, things are different with regard to subdivided types of work. After the 

introduction of LTCI, treated younger people become more devoted to self-employed 

work (with an increase of 10.5% in the labor participation rate and a prolonged 122 

hours’ labor hours per year). Meanwhile, treated older people tend to increase their 

paid employment hours (an increase of 99.7 hours/year). Results are interesting in that 

we find different strategies to promote their labor supply in different age groups. For 

the relatively younger (probably healthier) people, reducing self-employed labor 

hours to provide informal family care is a rather easy and convenient way to take care 

of patients. Accordingly, we find a significant increase in their self-employed working 

hours once LTCI shared the caring pressure with them. However, younger adults in 

urban areas are more likely to pursue a promising future career in organizations in 

their later lives. For them, devoting their extra-saved time by LTCI to improve their 

working productivity or pursue a job with a higher salary would be a wiser choice 

(Bauer and Sousa-Poza, 2015). In contrast, for individuals who are close to or exceed 

the statutory retirement age, we find an increase only in the paid employment working 

hours. As they grow older, individuals might find themselves easier to get tired in the 

provision of self-employed work (especially for self-employed agricultural work), and 

some of them increase their paid employment work as long as they got the 

opportunity to be re-employed or re-enter the labor market, resulting in an increase in 

paid employment working hours. 

 

[Insert Table 17 here] 
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2) Gender 

Previous studies show significant heterogeneity between groups of different 

genders as regards the spillover effects of LTCI. For example, women are more likely 

to become caregivers than men, and LTCI may thus have a more significant impact on 

wives’ labor supply than husbands’. Moreover, female caregivers are more likely to 

provide intensive care for their parents, resulting in a lower probability of labor 

participation than non-caregivers (Skira, 2015). Compared to older and female people, 

young and male usually have a higher probability to work (Twenge, 2010). However, 

an increasing number of Chinese women are highly educated and employed as 

full-time workers in the last decades. Therefore, we expect that the spillover effects 

will be larger when the time conflict binds, especially for highly educated female 

caregivers. In this section, we investigate the difference in spillover effects of LTCI 

between different gender groups. We first conduct two propensity score matchings for 

male and female individuals and obtain each covariate's balancing test. Notable 

differences of confounding covariates between treatment and control groups are 

commonly found across pre-PSM subsamples, but all the covariates are balanced in 

post-PSM subsamples (mean SD < 10%). The spillover effects of LTCI on wives’ and 

husbands’ labor supply are listed in Table 13. 

From Table 18, we find that LTCI does improve the labor participation rate of the 

treatment group, particularly for wives. LTCI treated females are 8.9% more likely to 

participate in the labor market than untreated women, while that number of the male 

group is 2.4% (insignificant). However, things are different concerning subdivided 

types of work. After the introduction of LTCI, treated males become more devoted to 

self-employed work. They become 7.5% more likely to re-enter the self-employed 

labor market or prolong their self-employed work by 120.6 hours/year (compared 

with 6% and 71.4 hours/year for female). However, treated females tend to increase 

their paid hours employed by government, organizations, and firms (with an increase 

of labor participation rate of 4.5% and a prolonged 107.9 hours/year in paid 

employment). The last decades have seen an increasing number of Chinese women 

being highly educated and employed as full-time workers. For them, balancing 

working and caregiving is more stressful than that for traditional housewives (Makita, 

2010). The success of LTCI in encouraging wives to re-enter/remain in the labor force 

is a good lesson for other policies aiming to stimulate women’s labor supply. Besides, 

as more spare time returns to the caregivers, they will have more continuous-time, and 

we expect that their probability of finding a job with a fixed schedule increases.  
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[Insert Table 18 here] 
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B. Heterogeneity of LTCI Policy 

1) Heterogeneity of LTCI’s target people 

Previous studies have found that formal care is not necessarily a substitute for 

informal family care (Fischer and Müller, 2020). As the degree of disability of the 

elderly continues to deepen, the substitute relationship between family care and 

formal care is gradually weakening, and it shows a complementary relationship in the 

special end-stage before the death of the elderly (Huang and Fu, 2017; Bonsang, 

2009). Therefore, the impact of LTCI on the labor supply of caregivers of moderately 

and severely disabled people is expected to be different. Most of the LTCI pilots in 

China cover severely disabled persons and long-term disabled persons only. However, 

other cities also cover moderately disabled persons and demented persons. In order to 

characterize this policy feature, we introduce a dummy variable a

itpolicy  with 

0a

itpolicy   for pilots covering severely disabled people only (include individuals with 

a Barthel score ≤40 only before July 2018) and 1a

itpolicy   for pilots covering both 

moderately and severely disabled people (include individuals with a Barthel score ≤40 

or >40 before July 2018). We demonstrate the result of PSM-DID method in two 

groups of LTCI pilot cities and find a more significant increase in spouses’ labor 

supply in cities with both moderately and severely disabled covered than that of cities 

with eligibilities only for severely disabled. 

 

[Insert Table 19 here] 
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Table 19 shows that the heterogeneity in LTCI eligibility has a significantly 

positive effect on spouses’ labor participation (6.8% compared with 4.6%) and yearly 

working hours (149.2 hours/year compared with an insignificant 43.4 hours/year), 

indicating that in pilot cities that only cover severely disabled individuals, the labor 

supply of spouses has not been completely released since individuals with severe 

disabilities usually require both formal care and informal care at the same time. For 

LTCI pilot cities that cover both the severely and moderately disabled, LTCI has a 

more obvious spillover effect on individuals’ labor supply since moderately disabled 

people only need one of the formal care and family informal care at a time, making 

informal care simply a substitute for formal care. 

2) Heterogeneity of LTCI’s benefit rules 

In China, some LTCI pilots pay benefits in kind, which reimburse only a certain 

percentage of expense spent on institutional formal care, while other pilots pay 

benefits in cash at the same time. Individuals are usually allowed to choose one of the 

two forms of benefits above and caregivers of the disabled would make their care and 

career choice accordingly. The acceptance of benefits in cash usually indicates that the 

disabled are not permitted to the cheaper formal care services. Therefore, caregivers 

in LTCI pilot cities providing cash benefits will not necessarily reduce their informal 

care hours. We cannot expect the labor supply to be affected significantly by LTCI in 

these cities. For pilot cities that do not provide cash benefits, disabled individuals can 

enjoy LTCI benefits as long as they purchase the exact formal care services. As a 

result, benefits in kind may crowd out more informal care and promote family 

caregivers' labor supply to a larger extent. In order to characterize this policy feature, 

we introduce a dummy variable b

itpolicy  with 1b

itpolicy   for pilots providing benefit 

in cash while 0b

itpolicy   for pilots who don’t. We demonstrate the result of 

PSM-DID method in two groups of LTCI pilot cities and find a significant decrease in 

spouses’ labor supply in cities with both benefit in kind and in cash provided. 

 

[Insert Table 20 here] 
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Table 20 shows the results of the difference among individuals in the treatment and 

control groups before and after the introduction of differently designed LTCI policies. 

We find that compared with pilot cities that only provide benefits in kind, there is a 

smaller or an insignificant increase in spouses’ labor supply in LTCI pilot cities that 

provide benefit in cash. Spouses may continue to provide the same amount of 

informal care hours as before while receiving subsidies in cash from LTCI at the same 

time. Therefore, in pilot cities that provide benefits in cash, the labor supply of 

spouses has not been completely released. In contrast, spouses in LTCI pilot cities 

with only benefits in service provided demonstrate larger and more significant 

spillover effects of LTCI (an increase of 7.7% in labor participation rate and a 

prolonged 140.3 hours/year). We find the same phenomenon in the sub-categories of 

work (self-employed work / employed work). However, we find a significant decrease 

in the self-employed non-agricultural work for individuals in LTCI pilots offering 

cash benefits (not shown in Table 20). For individuals with a severe disability, LTCI 

subsidies in cash act as a stable and continuous cash flow for the disabled adult’ 

whole family. Spouses get a chance to breathe between the busy care activities and 

plan for future career. They may reduce their self-employed working hours and seek 

an opportunity for full-time paid employ work. 

VII. Robustness Checks 

In the above sections, we identify the spillover effects of LTCI on spouses’ labor 

supply by conducting the PSM-DID method. We regard the treatment group and the 

control group randomly assigned and have the same trend in the outcome variables 

and the mediation variables. However, there are other problems that need to be 

clarified to ensure the credibility of our results. Firstly, the spillover effects of LTCI 

on spouses’ labor supply may differ across 42 pilot cities. We try to figure out whether 

there are significant differences in the spillover effects of LTCI under different 

socio-economic conditions among different cities. Therefore, we conduct 42 separate 

PSM-DIDs, selecting individuals in one LTCI pilot city as the treatment group at one 

time. The control group is still cities that have not implemented LTCI before July 

2018. Secondly, contingency may occur in LTCI pilot cities. An accidental behavior 

of an individual in the treatment group may cause great fluctuations in the outcome 

variables. Therefore, we censored the outcome variables at the 95% level or take the 
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logarithm before conducting PSM-DID. Thirdly, we conduct a placebo test (or 

falsification test) in years with no LTCI launched (e.g., in 2013 and 2015). Fourthly, 

the LTCI pilots are often cities with a higher socio-economic condition, a relatively 

sufficient basic medical insurance fund, and a more severe aging problem. Here, we 

replace the control group with individuals in cities where LTCI was launched between 

August 2018 and April 2021 (34 cities). The treatment group is still individuals in 

cities that implemented LTCI before July 2018. Therefore, the city-level 

characteristics of the treatment group and control group become more balanced. 

Fifthly, the increase in individuals' labor supply may be caused by other reforms in 

basic medical insurance and have nothing to do with the introduction of LTCI. 

Therefore, we explore the difference in the frequency of basic medical insurance use 

between treatment and control groups to rule out the probability that other potential 

factors instead of LTCI induced the increased labor supply. Finally, previous studies 

use different matching functions and approaches (Jeon and Pohl, 2017). Here we will 

conduct “K-Nearest Neighbor Matching” and “Coarsened Exact Matching (CEM)” 

Difference-in-Difference and get the results under different matching hypotheses to 

verify the conclusions we drew before. 

A. Considerations of the Differences in Spillover Effects Across All LTCI Pilots 

The spillover effects of LTCI on spouses’ labor supply may differ across pilot cities. 

In this section, we conduct 13 separate PSM-DIDs within 13 provinces18. We select 

individuals in one LTCI pilot city as the treatment group at a time and individuals in 

the rest cities of the province as the new control group. Table 21 and Fig. 7 show the 

treatment groups and control groups in the 13 PSM-DIDs. Fig. 8 depicts the spillover 

effects of LTCI within 13 provinces. It can be found that the spillover effects in each 

treatment group fluctuate in a small range around the spillover effects in the overall 

sample in our fundamental analysis. Fig. 8 verifies that our conclusion is generally 

held in most of the LTCI pilot cities.19 

 

 
18 In order to avoid the impact of accidental factors, we rule out the pilot city with a sample size of less than 50 in 

the treatment group. 

19 Theoretically, the small sample size of the treatment group will not result in a significant bias in our PSM-DID 

results. There is no additional requirement on sample size as long as covariates pass the balancing test of matching. 

In fact, in the classic research of Moser and Voena (2012), the sample size of the treatment group was only 4.6%. 
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[Insert Table 21 here] 

 

 

[Insert Figure 7 here] 

 

 

[Insert Figure 8 here] 
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B. Considerations of the Contingency That May Occur on LTCI Pilots 

Accidental behaviors of an individual in the treatment group may cause great 

fluctuations in the outcome variables. Therefore, contingencies that occurred in LTCI 

pilot cities will make the results deviate from their actual value. We censored the 

outcome variables at the 98% level (delete extreme values and only reserve samples 

whose outcome variables fall between its [1%, 99%] interval) or take the logarithm of 

them and repeat the procedure of PSM-DID. Results are demonstrated in Table 22 and 

Table 23. We find that the main conclusions we draw in the fundamental analysis still 

hold after the censoring and taking logarithm of outcome variables. 

C. Placebo Tests on Other Years 

Since almost all of the LTCI pilots were launched during 2016 to 2018 (LTCI was 

first introduced in July 2012 for Qingdao, January 2015 for Weifang, May 2015 for 

Changchun), we rule out individuals in Qingdao city, Weifang city, and Changchun 

city and select 2012 and 2014 as the new hypothetical year for the introduction of 

LTCI as a placebo test. If the increase in labor supply is caused by the introduction of 

LTCI, we could reasonably expect that the results of placebo tests will not be 

significant. From Table 24, we find that the results of the outcome variables are all 

insignificant, indicating that they all passed the placebo test in 2012 and 2014. 

Therefore, the increase in labor participation rate, yearly working hours, and hourly 

income in our fundamental analysis should be reasonably attributed to the 

introduction of LTCI. 

[Insert Figure 9 here] 
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D. Considerations of the Different Socio-economic Conditions Between Treatment and 

Control Groups 

The LTCI pilots are often cities with a higher socio-economic condition, a 

relatively sufficient basic medical insurance fund, and a more severe aging problem. 

Here, we replace the control group with individuals in cities where LTCI was 

launched between August 2018 and April 2021 (34 cities20). The treatment group is 

still individuals in cities that implemented LTCI before July 2018 (42 cities). 

Therefore, the city-level characteristics of the treatment group and control group 

become more balanced. Table 25 shows the spillover effects of LTCI in pilot cities 

with LTCI launched before July 2018, or after July 2018 and before April 2021. We 

find a similar spillover effect between these selected cities, verifying our results' 

robustness in the fundamental analysis. 

[Insert Table 22 here] 

 

 

[Insert Table 23 here] 

 

 

[Insert Table 24 here] 
 

 

 

[Insert Table 25 here] 
 

 
20  These cities are: Hezhou, Dezhou, Yangzhou, Zaozhuang, Qinhuangdao, Urumqi, Wenzhou, Meihekou, 

Hunchun, Tianmen, Yichang, Dingzhou, Gannan Prefecture, Qianxinan Prefecture, Xiangtan, Tianjin, Fuzhou, 

Kunming, Hanzhong, Jincheng, Kaifeng, Panjin, Nanning, Yiwu, Changzhou, Wuxi, Zhoushan, Manzhouli, Hulun 

Buir, Taizhou (in Jiangsu), Tangshan, Shijiazhuang, Wuhai, and Jinjiang. 
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E. Considerations of the Probably Changed Habits of Basic Medical Insurance Usage 

after the Introduction of LTCI 

The increase in individuals' labor supply may be caused by other changes in basic 

medical insurance and have nothing to do with the introduction of LTCI. Therefore, 

we explore the difference in the frequency of basic medical insurance use between 

treatment and control groups to rule out the probability that the increased labor supply 

was induced by other potential factors instead of LTCI. Changes in the frequency of 

basic medical insurance use before and after the introduction of LTCI are shown in 

Table 26. We do not find a significant increase or decrease in individuals’ medical 

habits, indicating that the increase in spouses’ labor supply should be reasonably 

attributed to LTCI. 

F. Spillover Effects of LTCI under Other Matching Framework 

Previous studies use different matching functions and approaches before 

conducting a DID framework. Matching is a non-parametric method to control the 

difference between the treatment and control groups by screening samples. Here we 

conduct a “K-Nearest Neighbor Matching (K-NNM)” and a “Coarsened Exact 

Matching (CEM)” Difference-in-Difference framework and get the results under the 

corresponding matching hypotheses to verify the conclusions we drew before. 

Firstly, to balance covariates between the treatment and control groups, we conduct 

a K-Nearest Neighbor Matching (K-NNM) (Abadie et al., 2004). NNM uses nearest 

neighbor matching across the covariates to estimates the average treatment effect on 

outcome variables by comparing outcomes between treated and control observations. 

This program pairs observations to the closest K matches in the opposite treatment 

group to provide an estimate of the counterfactual treatment outcome. It allows for 

matching over a multi-dimensional set of variables, giving options for the weighting 

matrix to be used in determining the optimal matches. It also allows exact matching 

on a subset of variables. In addition, it allows for bias correction of the treatment 

effect, and estimation of either the sample or population variance, with or without 

assuming a constant treatment effect. Finally, it allows observations to be used as a 

match more than once, thus making the order of matching irrelevant. 

Secondly, we conduct a Coarsened Exact Matching (CEM) 

Difference-in-Difference framework (Iacus et al., 2012; Blackwell et al., 2009). CEM 
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is a method for improving the estimation of causal effects by reducing imbalance in 

covariates between treated and control groups. Coarsened exact matching requires 

fewer assumptions and possesses more attractive statistical properties than many other 

matching methods. In particular, CEM estimates of causal effects are less sensitive to 

model specification choice (Stuart, 2010). CEM bounds the degree of model 

dependence21 and causal effect estimation error by ex-ante user choice (Iacus et al., 

2012), and reducing the maximum imbalance on one variable has no effect on others. 

Moreover, CEM meets the congruence principle and does not require a separate 

procedure to restrict data to common support. It is approximately invariant to 

measurement error, and balances all nonlinearities and interactions in sample (i.e., not 

merely in expectation). Table 27 shows the spillover effects of LTCI under a 

“K-Nearest Neighbor Matching” framework (K=4) and a “Coarsened Exact Matching 

(CEM)” framework. We find that the spillover effects of LTCI remain the same under 

different assumptions and various matching methods, verifying the robustness of our 

fundamental analysis. 

[Insert Table 26 here] 

 

 

[Insert Table 27 here] 

 
21 Model dependence is defined by how much the predicted value of the outcome variable varies as a function of 

the statistical model for a given set of explanatory variables (Stuart, 2010). 
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VIII. Conclusions 

Aging problems pose serious challenges for the health and long-term care system in 

many countries around the world. In this research, we show the significant and 

positive spillover effects of the LTCI on caregivers’ labor supply both on the extensive 

and intensive margin. The family labor force is liberated after the introduction of 

LTCI, and poverty alleviation could be promoted through an increase in the 

employment rate. A promotion of 5.9% is found on spouses' labor participation rate, 

indicating a significant reduction in care burden on Chinese caregivers. Moreover, we 

found that the increase in working hours is different among various types of work. We 

see increases in individuals’ total hours of work (80.78 hours/year), the hours of 

self-employed work (96.23 hours/year), and the hours of paid employment (67.28 

hours/year). We expect a further increase in people’s paid employment as the 

adjustment of these jobs' time schedule needs a longer time to complete. Moreover, 

hourly income was also promoted in paid employment (2.76 RMB yuan/hour), which 

could be explained by the improvement of caregivers’ productivity and their pursuit of 

a job promotion (Carmichael and Charles, 2003). The success of Chinese LTCI on 

stimulating individuals’ labor supply is intuitive in the super-aged society, regarding 

the increase in caregivers for frail old persons, which provides an excellent example 

to other countries where encouraging caregivers’ labor supply is a priority. 

We also investigate the mediation mechanism between LTCI and caregivers’ labor 

supply. LTCI covers the daily care expenses for the disabled elderly caused by illness 

or disability, which is expected to reduce the physical toil and psychological pressure 

of the caregivers. We find that LTCI in China does improve individuals’ health level 

measured by the number of chronic diseases and the depression score. After liberated 

from heavy care duty, caregivers become more satisfied and optimistic toward lives, 

and their risk of depression would be reduced (Díaz et al., 2020). Meanwhile, 

caregivers’ physical discomfort and their occurrence of chronic diseases are also 

mitigated by reducing physical toil from care burden, resulting in a higher enthusiasm 

and productivity in the workplace. Moreover, from the perspective of time 

re-allocating, individuals’ informal care hours, as well as their leisure time, are 

reduced at the same time after the introduction of LTCI. By cutting down the time 

spent on odd and trivial matters (e.g., caring hours and social entertainment), 

individuals obtain more continuous and undisturbed time to seek career development, 
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which increases caregivers’ working hours (and productivity at the same time). 

Age and gender differences are found regarding the spillover effects of LTCI on 

labor supply. We find that younger individuals are more sensitive to the subsidization 

of formal caregiving by LTCI in that LTCI improves the labor participation rate of 

treatment group with 6.3% in younger people group (59 years old and below) and 5.2% 

in older people group (60 years old and above). Moreover, young people tend to 

become more devoted to the self-employed work (an increase of 10.5% in the 

probability of participating self-employed work and 122 hours/year in the prolonged 

self-employed working hours). Meanwhile, treated older people tend to increase their 

paid employment hours (99.7 hours/year). Previous literature reveals that younger 

usually devote their spare time improve their working production (Bauer and 

Sousa-Poza, 2015), while older ones do not expect an extra promotion in their career 

prospects and find themselves more suitable to prolong their working hours. Moreover, 

results are interesting in that we find different strategies to promote their labor supply 

in different gender groups. LTCI increases the labor participation rate both on males 

and females, while the promotion on women’s labor participation rate (8.9%, 

significant) is larger than that of men (2.4%, insignificant), mainly because most of 

the care responsibilities were borne by women before the introduction of LTCI. In 

addition, spouses usually adopt different strategies to increase their labor hours. We 

see a larger increase in men’s probability of participating in self-employed work 

(7.5%) and the corresponding working hours (120.6 hours/year) than female (6.0% 

and 71.4 hours/year), indicating that policies aiming to stimulate labor supply should 

be formulated separately for men and women. By contrast, women’s probability of 

participating in paid employment (4.5%) and their hours (107.9 hours/year) increased 

compared to females in non-LTCI cities. For policymakers, LTCI’s heterogeneous 

spillover effects on different age and gender groups should be taken into 

consideration. 

Considering differences in LTCI policy design regarding target group and benefit 

rules, we study the heterogeneous spillover effects among different pilot cities. We 

find evidence that compared with severely disabled elderly, informal care for 

moderately disabled elderly demonstrates a stronger substitution relationship with 

formal care, making the spillover effects greater among cities targeting both 

moderately and severely disabled than those only targeting severely ones. Besides, we 

find smaller spillover effects of LTCI on labor supply in pilots providing benefit in 
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cash than those who do not, mainly because that cash allowance only attributes to 

caregivers’ non-wage income, but has little impact on the opportunity cost of 

providing informal care by family members (Geyer and Korfhage, 2015a; Carmichael 

and Charles, 2003). Evidence shows that the LTCI pilots with benefits in kind would 

stimulate caregivers’ labor supply much more than pilots with benefits in cash. 

However, this research has some limitations. The first limitation is a concern 

regarding the kernel PSM method on addressing endogeneity. Since the matching 

accounts for observable covariates, unobservable influences still may remain in the 

model. Other researchers try to tackle the issue with the IV method using family 

characteristics (such as the number of siblings or parental health) as instruments 

(Heitmueller, 2007; Van Houtven et al., 2013). Further analyses with Chinese data 

using the IV method are required for a cohesive picture of the spillover effects of 

LTCI. The second shortcoming lies in that considering the short implementation time 

of LTCI, the effects of policies cannot be fully demonstrated at present. Further 

studies could use updated panel data to detail the lagging effects of LTCI policies. 
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