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Abstract: Unpaid family caregivers must consider the economic trade-off between caregiving and 

paid employment. Prior literature has suggested labour force participation (LFP) to decline with 

caregiving intensity, but no study has evaluated this relationship by accounting for the presence of 

both kinks and discontinuities. Here we used respondents of the China Health and Retirement 

Longitudinal Study baseline survey who were non-farming, of working-age (aged 45-60) and had a 

young grandchild and/or a parent/parent-in-law. For women and men separately, a caregiving 

threshold-adjusted probit model was used to assess the association between LFP and weekly unpaid 

caregiving hours. Instrumental variables were used to rule out the endogeneity of caregiving hours. 

Of the 3,718 respondents in the analysis, for men, LFP was significantly and inversely associated 

with caregiving that involved neither discontinuities nor kinks. For women, a kink was identified 

at the caregiving threshold of 8 hours per week such that before 8 hours, each caregiving hour was 

associated with an increase of 0.0257 in the marginal probability of LFP, but each hour thereafter 

was associated with a reduction of 0.0014 in the marginal probability of LFP. These results have 

implications for interventions that simultaneously advance policies of health, social care and labour 

force. 
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1. Introduction 

With a rapidly ageing population and an increasing presence of women in the labour force, 

societies face a crisis when confronted with a dramatic increase in the demand for caregiving. In many 

low- or middle-income countries, middle-aged adults are often unpaid caregivers for their ageing 

parents (or parents-in-law), whereas grandparents usually take on the parental role for their 

grandchildren [1,2].  

An important case study of unpaid caregiving among family members is China, which, due to 

decades of falling birth rates and rising life expectancy, has the world’s fastest ageing population [3]. 

Recent data suggest that 90% of Chinese families are in need of either elderly care or childcare while 

40% of them require both [4]. Because China has very limited publicly funded home care, the 

percentage of adults who are unpaid caregivers to one or more family members is very high. 

Specifically, studies show that 57%, 40%, 38% and 27% of daughters, sons, daughters-in-law and 

sons-in-law regularly provide care to elderly parents (or in-laws) [5] and 70% of grandparents raise 

their grandchildren [6]. It is very important to note that grandparenthood generally occurs early in 

the life course of Chinese adults as an average of 80% of them become grandparents by the age of 55 

[7]. This means middle-aged Chinese (between 45-60 years) are very likely to assume multiple 

caregiving roles and must consider the relevant economic trade-off between providing unpaid 

familiar care and engaging in paid employment.  
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The relationship between the intensity of unpaid caregiving and the probability of labour force 

participation (LFP) has been studied extensively in the international literature. A consensus has 

emerged from these studies which suggests that LFP is generally inversely related to more intensive 

caregiving and that there exists a caregiving threshold beyond which increased caregiving has a 

larger negative effect on LFP than before that threshold [8]. What remains unclear from the literature 

is the exact form of such caregiving thresholds, specifically if they constitute kinks in and/or 

discontinuities to the relationship between caregiving and LFP. Most studies have only located 

discontinuities but did not conduct analyses to identify potential kinks. Carmichael and Charles [9,10] 

found two simultaneous discontinuities at caregiving hours (CG)>0 and at CG>10 hours/week; 

Heitmueller [11] assessed a single discontinuity at CG>20 hours/week following a prior study [12] 

that had suggested that threshold; Van Houtven et al [2] tested a single discontinuity at either CG>0 

or CG>20 hours/week, and Jacobs and colleagues [13,14] examined multiple discontinuities at 0, 5 

and 15 hours per week. Meanwhile, several studies have estimated kinks by testing a set of rather 

arbitrary thresholds (10, 15, and 20 hours per week), but they did not assess potential discontinuities 

at these thresholds [15,16]. To date no study has simultaneously examined both kinks and 

discontinuities associated with the relationship between LFP and unpaid caregiving; indeed, neither 

term (“kink” nor “discontinuity”) was specifically mentioned in the referenced articles [8]. 

This paper aims to fill this gap in the empirical literature. By using nationally representative data 

from the China Health and Retirement Longitudinal Study baseline survey, we investigated potential 

thresholds of weekly unpaid caregiving hours to see if they resulted in kinks and/or discontinuities 

in the relationship between caregiving and labour force participation. Our results will provide 

actionable implications for policy strategies that support family caregivers to balance their caregiving 

activities and work commitment. 

2. Materials and Methods  

2.1. Conceptual framework 

In the standard labour-leisure choice theory, individuals with family responsibilities must 

simultaneously allocate time to labour work, leisure and unpaid home care to maximize their utility 

[17–19]. Conditional on the number of hours of caregiving, individuals confront the traditional 

labour-leisure trade-off wherein the decision of whether to work depends on the reservation wage, 

non-wage income and an array of socio-demographic and other contextual variables. Theory predicts 

that when holding all else constant, an increase in caregiving hours reduces the maximum amount of 

time available for paid work, and thereby induces an availability effect that tend to lower LFP. The 

resulting relationship between caregiving intensity and LFP depend on a host of intrinsic factors 

including preference orderings between labour and leisure, social context and the life cycle [20]. 

Gendered impacts on the choices between caregiving and LFP are predicted to be in line with 

economic theories of specialization and bargaining [18,21] which may be particularly salient in the 

case of caring for certain dependents (such as parents or spouse) [22]. 

Recent work by Van Houtven and colleagues[8] advances the theory by examining the 

theoretical basis for a caregiving hours threshold. This work assesses labour-leisure preference 

orderings in which the marginal rate of substitution may change abruptly if leisure time were below 

some minimum. This allows for the possibility that kinks may arise on indifference curves thereby 

yielding possible kinks and/or discontinuities in the relationship between caregiving hours and LFP. 

Our empirical work was informed by this theoretical model in order to test for a potentially 

nonlinear relationship between hours of caregiving and LFP by accounting for possible presence of 

both kinks and discontinuities. Analysis was conducted on Chinese men and women separately to 

reflect the gender gap in employment [23]. In the following sections, we describe the data sources 

(section 2.2.); the study sample (section 2.3.); present the variables used in the analysis (section 2.4.); 

and detail the statistical procedures, including identifying a caregiving threshold, testing for 

endogeneity of caregiving hours using instrumental variables and sensitivity analyses (section 2.5.). 
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2.2. Study setting and design 

This is a population-based cross-sectional study using person-level data from the China Health 

and Retirement Longitudinal Study (CHARLS) baseline survey. CHARLS is a nationally 

representative panel study designed to comprehensively understand social trends, socio-economic 

well-being and the ageing of community-dwelling Chinese adults aged 45 or older. Between June 

2011 and March 2012, a nationally representative sample of 23,422 dwelling units representing 

potential households was drawn from 150 counties (or districts) and 450 villages (or communities) in 

28 provinces across China using multi-stage probability sampling [24]. Excluding empty or non-

resident dwelling units yielded 12,740 age-eligible households for the baseline survey. Within each 

sampled household, the main respondent, defined to be a family member who was at least 45 years 

of age with sufficient knowledge about the household, and his/her spouse (if any) were both invited 

to participate in the baseline survey. This procedure yielded 10,257 households with at least one age-

eligible member who agreed to participate in the baseline survey (response rate=80.5%). A total of 

17,708 individuals from these households completed the baseline survey at home using a face-to-face 

computer-assisted personal interview technique [24]. 

2.3. Study sample 

The analysis included CHARLS baseline participants who were of working age; not engaged in 

agricultural work or in an unpaid family business; and had at least one grandchild under the age of 

16 or a parent (or parent-in-law) that was still alive. The normal pensionable age in China is 60 for 

males, 55 for white-collar women (such as teachers and civil servants) and 50 for blue-collar women 

[25]. Consequently, in order to consider the potential trade-off between paid work and caregiving, 

we limited the sample to only men aged between 45-60 and women aged between 45-55 (N=8,603, 

48.6%). We excluded participants who reported being either agricultural workers, unpaid family 

business workers (N=4,140); self-employed individuals who worked with another hired family 

employee (N=264); those who did not report having grandchildren under the age of 16 or parents (or 

parents-in-law) that were alive (N=368); or those who had missing data in the survey (N=113). These 

procedures resulted in 3,718 (21.0% of the total sample) participants who met the eligibility criteria, 

which comprised 2,268 men (61.0%) and 1,450 women (39.0%).  

2.4. Variables 

We used a binary outcome variable to represent individual’s self-reported current labour force 

participation (LFP) status using the survey question, “Did you work for at least one-hour last week? 

We consider any of the following activities to be work: earn a wage, run your own business and 

unpaid family business work, et al. Work does not include doing your own housework or doing 

activities without pay, such as voluntary work.” Those who answered “Yes”, were classified as labour 

force participants while those who responded “No”, were non-participants [26]. 

The primary exposure variable was the number of hours per week an individual provided 

unpaid caregiving services to grandchildren, parents and/or parents-in-law without financial 

compensation in the last year. In the survey, individuals reported how many hours per week in the 

past year they had cared for each dependent (grandchildren, parents and parents-in-law). These 

responses were summed to yield total weekly unpaid caregiving hours. Those who did not report 

any caregiving activity over the past year were assigned a value of 0.  

We extracted the following person-level characteristics from the survey that previously were 

identified in the literature [2,27–29] to influence the decisions to participate in the labour market and 

the intensity of caregiving at home: age (years), marital status (currently married vs. not married), 

highest education (illiterate or primary/elementary school, middle school, high school, or college and 

above), area of residence (urban vs. rural), having work-limiting health conditions (yes vs. no), 

household size (i.e., numbers of people in the household; between 1-12), and monthly income of 

spouse. In sensitivity analysis, we introduced two more covariates, including whether the individual 

held an urban or rural Hukou (household registration) and the household income. 
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2.5. Statistical analysis 

We first compared the baseline characteristics of respondents stratified by their labour force 

participation (LFP) status using 2-sample tests (t-test or Chi-square test). Probit regression analysis 

was performed for women and men separately to estimate the association between weekly caregiving 

hours and LFP. In each analysis, we investigated a potential threshold of caregiving hours by entering 

three independent caregiving hours-related variables into the probit model as recently proposed by 

Van Houtzen and colleagues [8]: (1) a continuous variable representing caregiving hours, CG; (2) a 

dummy variable that indicated whether caregiving hours exceeded a threshold, CG^; and (3) an 

interaction term between caregiving hours and the threshold dummy variable, CG*CG^. Each of the 

three estimated coefficients on these caregiving variables reflect the incremental change in the 

likelihood of LFP due to a unit increase in caregiving hours, an abrupt discontinuity in the 

relationship between caregiving and LFP at the caregiving threshold, and potential change to the 

incremental effect of caregiving on LFP when caregiving hours exceed the threshold.  In an iterative 

selection procedure, we tested all potential thresholds of caregiving hours (between 0-140 with 

increments of 1-10 hours depending on the availability of observations) to identify the threshold that 

maximized the likelihood of the corresponding probit model. Using this threshold in the probit 

model, we conducted two joint Wald tests: (1) first, we tested the null hypothesis that the coefficients 

of the three caregiving variables were all zero. Rejecting this hypothesis confirmed the significance 

of an overall association between LFP and the set of caregiving variables; (2) next, we tested if the 

coefficient of the caregiving threshold dummy variable, CG^, and that of the interaction term, 

CG*CG^, were jointly zero to assess whether there were a significant change in the association 

between caregiving and LFP once caregiving hours were at or beyond the threshold. 

We also performed an instrumental variables analysis to correct for potential endogeneity of 

caregiving hours [30]. For both females and males, this technique was employed to address two 

statistical challenges: first, the potential for an inverse relationship between LFP and caregiving 

hours; and second, the presence of unmeasured confounders (such as low career ambitious or a 

preference for family caregiving). We used three instrumental variables for weekly caregiving hours, 

including the number of grandchildren aged below 16; whether the husband’s father was widowed; 

and whether the wife’s father was widowed. These instruments are established in the international 

literature [2,11,28,30] and meet the required assumptions [31]: (1) as Chinese adults are legally 

obligated to support and take care of their elderly parents [32] and likely to take on the parental role 

of their grandchildren[7], it is therefore reasonable to assume that individuals tasked with heavy 

unpaid caregiving duties at home (captured by the three instruments) would tend to allocate more 

time to unpaid caregiving in order to fulfil their obligations; (2) the three instruments are not 

correlated with LFP as prior literature based in developing countries [33–35] has identified the 

determinants of LFP to be education attainment and external factors such as urban location.  

Using these instruments, we performed a Limited-Information Maximum Likelihood 

procedure[36,37]. This method was chosen over the more commonly used procedure—Two-Stage 

Least-Squares—because it results in less bias to the estimates when the IVs are weakly associated 

with the endogenous variable [38]. In the first equation, the three instruments were entered into a 

linear regression to predict caregiving hours, controlling for all covariates. In the second equation, 

caregiving hours were used in the threshold-adjusted probit model to predict LFP, after adjustment 

for covariates. We used the same caregiving threshold that had been previously identified in the one-

step probit regression analysis. We assessed whether the predictions from a model treating the 

caregiving hours variable as exogenous differed significantly from a model where it was treated as 

endogenous using two Sargan-Hansen statistics. We tested the validity of our instruments with tests 

of overidentification (i.e. the Sargan-Hansen test of overidentifying restrictions) and weak 

identification given three endogenous regressors and the same number of instruments variables  (i.e. 

the Anderson-Rubin test statistic in the first equation[39,40]).The one-step probit model (without the 

use of instruments) was deemed more appropriate when we failed to reject the exogeneity of 

caregiving hours.  
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Using the final model, we predicted the probability of LFP separately for a Chinese men and 

women with reference-level characteristics who spent between 0 and 140 hours a week on unpaid 

caregiving. We defined Chinese women with reference-level characteristics to be 50 years of age, 

married, with middle school education, living in a rural community with 4 household members, did 

not have work-limiting health conditions, and whose spouse earned 1,466 RMB per month. A Chinese 

man with reference-level characteristics shared the same characteristics except for being 52 years of 

age with a spouse and monthly income of 442 RMB.  

2.6.1. Sensitivity analysis 

For women and men separately, we conducted two sets of sensitivity analysis. The first set of 

analysis entails the estimation of four simpler models of unpaid caregiving hours and LFP following 

the specifications used in the prior literature [2,9–11,13–16]. The first model regarded caregiving as a 

dummy variable (denoting caregivers vs. non-caregivers) without considering neither kinks nor 

discontinuities; the other three models excluded the possibility of a discontinuity or a kink or both. 

Pairwise likelihood ratio test was performed to compare each simpler model with our model to 

establish the statistical value of accounting for the presence of both kinks and discontinuities in the 

estimation of the relationship between unpaid caregiving hours and LFP. Next, we undertook 

subgroup analyses stratified by education attainment (below middle school vs. middle school or 

above), types of Hukou (urban vs. rural) and household income (below the median income vs. equal 

to or above the median income). Using the weekly caregiving threshold yielded in the primary 

analysis, we repeated the analysis on each subgroup to verify the robustness of our primary findings. 

Analyses were conducted using Stata/SE 15.0. 

3. Results 

3.1. Sample characteristics 

Among the 3,718 eligible respondents, 2,387 (64.2%) were labour force participants and 1,331 

(35.8%) were non-participants. Table 1 reports the baseline characteristics of respondents by LFP 

status. Compared to non-participants, labour force participants were more likely to be male (71.5% 

vs. 42.2%, p-value<0.001), married (96.1% vs. 93.8%, p-value<0.001), living in rural areas (43.4% vs. 

36.4%, p-value<0.001), having completed middle school (63.9% vs. 52.1%, p-value<0.001) and 

reporting work-limiting health conditions (18.3% vs. 1.1%, p-value<0.001). Furthermore, LFPs were 

one-year younger on average than non-LFPs (mean age=51 vs. 52 years, p-value<0.001). Household 

size (p-value=0.50) and monthly income of the spouse (p-value=0.12) did not differ between the two 

groups.  

The average number of unpaid caregiving hours per week was 13 hours per week (standard 

deviation [SD]=29.2) in the study sample. LFPs reported spending an average of 10 hours (SD=23.8) 

a week on unpaid caregiving, which was half the amount of time spent by their non-participating 

counterparts (mean=20 hours, SD=36 hours; p-value<0.001).  
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Table 1 Compare the characteristics of survey respondents by labour force participation status 

Characteristics Labour force 

participants 

Non-

participants 

Total P-

Value 

Number of participants, n (%) 2387 (64.2) 1331 (35.8) 3718 (100) -- 

Unpaid caregiving, hr/wk, Mean (SD) 10 (23.8) 20 (36) 13 (29.2) *** 

Sex, n (%) 

Female 

Male 

 

681(28.5) 

1706 (71.5) 

 

769 (57.8) 

562 (42.2) 

 

1450 (39) 

2268 (61) 

*** 

Age, yr, Mean (SD) 51 (4.3) 52 (4.3) 51 (4.4) *** 

Marital status, n (%) 

Not married 

Married 

 

93 (3.9) 

2294 (96.1) 

 

83 (6.2) 

1248 (93.8) 

 

176 (4.7) 

3542 (95.3) 

 

*** 

Education, n (%) 

Illiterate or elementary school 

Middle school 

High school 

College and above 

 

861 (36.1) 

784 (32.8) 

596 (25) 

146 (6.1) 

 

637 (47.9) 

394 (29.6) 

261 (19.6) 

39 (2.9) 

 

1498 (40.3) 

1178 (31.7) 

857 (23.1) 

185 (5) 

 

*** 

Area of residence, n (%) 

Urban 

Rural 

 

1352 (56.6) 

1035 (43.4) 

 

846 (63.6) 

485 (36.4) 

 

2198 (59.1) 

1520 (40.9) 

 

*** 

Having work-limiting health conditions,  

n (%) 436 (18.3) 15 (1.1) 451 (12.1) 

 

*** 

Household size, Mean (SD) 4 (1.5) 4 (1.6) 4 (1.6) >0.1 

Monthly income of spouse, CNY,  

Mean (SD) 

 

879 (2103.9) 

 

774 (1806) 

 

841 (2002.7) 

 

>0.1 

Continuous variables were compared using the 2-sample t-test (mean). Categorical variables were compared 

using the Chi-square test. Abbreviations: SD, standard deviation; yr, year; hr, hour; wk, week; CNY, Chinese 

Yuan. *p-value<0.1, **p-value<0.05, ***p-value<0.01. 

3.2. Endogeneity of unpaid caregiving hours 

We failed to reject the exogeneity of unpaid caregiving hours among women (Sargan-Hansen 

statistics p-value=0.121) and among men (Sargan-Hansen statistics p-value=0.154). We failed to reject 

the null hypothesis of overidentification and therefore concluded the exclusion of the three 

instruments from the LFP equation of women (Sargan-Hansen test p-value=0.230) and of men 

(Sargan-Hansen test p-value=0.958) to be appropriate. Using the Anderson-Rubin weak instruments 

test, we rejected weak identification between the three instruments and caregiving hours in our first-

step equation among women (Anderson-Rubin test statistic = 29.89 and p-value=0.0001), indicating a 

strong association between the instruments and caregiving hours. Although we faced the weakness 

of instruments among men (Anderson-Rubin test statistic p-value=0.448), use of the three instruments 

was still deemed appropriate as the Limited Information Maximum Likelihood estimator tended to 

be robust to weak instruments [38]. Consequently, the use of an instrumental variables approach was 

ruled out in both cases, and accordingly, we only present results of the one-stage probit analysis 

below. 

3.3. Association between unpaid cargeiving hours and LFP among Chinese women 

For women, the threshold of unpaid caregiving was identified to be 8 hours per week (Table 2). 

Before 8 hours, each unpaid caregiving hour was significantly associated with a higher likelihood of 

LFP (probit coefficient=0.0804, 95% CIs: 0.0123 to 0.149, p-value<0.05), which corresponds to an 

increase of 0.0257 (95% CIs: 0.00394 to 0.0474) in the marginal probability of LFP. There was no 

evidence of any significant abrupt change in LFP at the threshold (probit coefficient=-0.0840, 95% CIs: 

-0.313 to 0.144, p-value>0.1). After the threshold, we observed a significant decrease of 0.0271 (95% 
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CIs: -0.0488 to -0.0054) in the slope of the marginal probability of LFP for each additional unpaid 

caregiving hour above the caregiving threshold (probit coefficient of the interaction=-0.0847, 95% CIs: 

-0.153 to -0.0165, p-value<0.05). These findings imply that each unpaid caregiving hour for women 

beyond 8 hours per week was associated with a reduction of 0.0014 in the marginal probability of 

LFP. Overall, there was strong evidence of a significant association between unpaid caregiving hours 

and LFP among women (joint p-value of three caregiving hours variables<0.001), and that there was 

a differential association between caregiving hours and LFP below and above the caregiving 

threshold of 8 hours per week (joint p-value of the threshold and interaction=0.028). 
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Table 2 Association of weekly unpaid caregiving hours and labour force participation estimated by the one-stage probit model 1 

 Women (threshold = 8 hours) Men (threshold = 72 hours) 

Variables Probit coefficient 

(95% CI) 

Marginal probability 

(95% CI) 

Probit coefficient 

(95% CI) 

Marginal probability 

(95% CI) 

Caregiving hours before the threshold, per hour, CG 0.0804** 

(0.0123, 0.149) 

0.0257** 

(0.00394, 0.0474) 

-0.00442** 

(-0.00822, -0.000612) 

-0.00119** 

(-0.00222, -0.000169) 

Discontinuity at the threshold of caregiving, CG^ -0.0840 

(-0.313, 0.144) 

-0.0269 

(-0.100, 0.0462) 

1.262 

(-0.178, 2.702) 

0.341 

(-0.0474, 0.730) 

Interaction between threshold and caregiving, 

CG*CG^ 

-0.0847** 

(-0.153, -0.0165) 

-0.0271** 

(-0.0488, -0.0054) 

-0.00852 

(-0.0212, 0.00418) 

-0.00230 

(-0.00573, 0.00113) 

Caregiving hours after the threshold, per hour† -0.0043** -0.0014** -0.0129 -0.00349 

Age, per one-year increase -0.0975*** 

(-0.120, -0.0746) 

-0.0312*** 

(-0.0380, -0.0244) 

-0.0665*** 

(-0.0803, -0.0526) 

-0.0180*** 

(-0.0215, -0.0145) 

Married -0.420** 

(-0.743, -0.0966) 

-0.134** 

(-0.237, -0.0316) 

0.400*** 

(0.128, 0.673) 

0.108*** 

(0.0351, 0.181) 

Middle school 0.0675 

(-0.113, 0.248) 

0.0216 

(-0.0360, 0.0792) 

0.0338 

(-0.112, 0.179) 

0.00915 

(-0.0302, 0.0485) 

High school 0.232** 

(0.0370, 0.427) 

0.0743** 

(0.0122 0.136) 

0.208** 

(0.0403, 0.376) 

0.0564** 

(0.0111, 0.102) 

College and above 1.037*** 

(0.604, 1.470) 

0.3319*** 

(0.197, 0.467) 

0.186 

(-0.0978, 0.469) 

0.0502 

(-0.0264, 0.127) 

Urban residence 0.0755 

(-0.0870, 0.238) 

0.0242 

(-0.0278, 0.0761) 

0.293*** 

(0.163, 0.423) 

0.0793*** 

(0.0447, 0.114) 

Having work-limiting health conditions 1.685*** 

(1.349, 2.021) 

0.539*** 

(0.441, 0.637) 

1.604*** 

(1.222, 1.986) 

0.434*** 

(0.333, 0.535) 

Household size -0.0239 

(-0.0747, 0.0269) 

-0.00764 

(-0.0238, 0.00857) 

0.0275 

(-0.0113, 0.0663) 

0.00744 

(-0.00304, 0.0179) 

Monthly spousal income (log-transformed) 0.0540*** 

(0.0348, 0.0733) 

0.0173*** 

(0.0113, 0.0232) 

0.0487*** 

(0.0266, 0.0707) 

0.0132*** 

(0.00726, 0.0191) 

2 
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†The probit coefficient representing the association between labour force participation and caregiving hours 

after the threshold was calculated by summing the coefficients of CG and CG*CG^. Its p-value represents the 

joint significance of CG and CG*CG^. *p-value<0.1, **p-value<0.05, ***p-value<0.01. CG, caregiving; CI, 

confidence interval. 

In Figure 1, we report the predicted probability of LFP and its 95% CIs with different unpaid 

caregiving hours for Chinese women with reference-level characteristics. When women were not 

caregivers, their probability of LFP was 0.535 (95% CIs: 0.400 to 0.670), but with unpaid caregiving, 

the probability of LFP would initially grow to 0.743 (95% CIs: 0.562 to 0.924) at 7 caregiving hours per 

week. At the caregiving threshold of 8 hours, there was an estimated, though not statistically 

significant, discontinuity as the probability of LFP fell abruptly to 0.488 (95% CIs: 0.342 to 0.634), and 

with caregiving hours beyond the caregiving threshold the probability of LFP fell continuously from 

0.488 to just 0.274 (95% CIs: 0.126 to 0.423) once she reached 140 caregiving hours a week. 

 

 

Figure 1 Predicted probability of labour force participation based on the one-stage probit model for 

Chinese women with reference-level characteristics. We defined Chinese women with reference-level 

characteristics to be 50 years of age, married, with middle school education, living in a rural 

community with 4 household members, did not have work-limiting health conditions, and whose 

spouse earned 1,466 RMB per month. Grey dashed lines represent the 95% confidence intervals for 

the predicted probability of labour force participation. LFP, labour force participation. 

Other significant correlates of higher LFP among women were: younger age (for  a one-year 

increase in age: marginal probability=-0.0312, 95% CIs: -0.0380 to -0.0244, p-value<0.01); unmarried 

(married vs. unmarried: marginal probability=-0.134, 95% CIs: -0.237 to -0.0316, p-value<0.05); having 

completed high school (marginal probability=0.0743, 95% CIs: 0.0122 to 0.136, p-value<0.05) or college 

and above (marginal probability=0.332, 95% CIs: 0.197 to 0.467, p-value<0.01); reporting work-

limiting health issues (marginal probability=0.539, 95% CIs: 0.441 to 0.637, p-value<0.01); and a higher 

monthly spousal income (logged income: marginal probability=0.0173, 95% CIs: 0.0113 to 0.0232, p-

value<0.01).  
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3.4. Association between unpaid cargeiving hours and LFP among Chinese men 

For men, the caregiving threshold was estimated to occur at 72 hours of caregiving per week 

(Table 2). Before 72 hours, each caregiving hour was significantly associated with lower LFP (probit 

coefficient=-0.00442, 95% CIs: -0.00822 to -0.000612, p-value<0.05), such that an hourly increment in 

caregiving reduced the probability of LFP by 0.00119 (95% CIs: -0.00222 to -0.000169) at the margin. 

There was neither a significant change in LFP at the caregiving threshold (probit coefficient=1.262, 

95% CIs: -0.178 to 2.702, p-value>0.1), nor for the relationship between LFP and incremental changes 

in caregiving hours below or above that threshold. Specifically, the marginal probability of LFP fell 

continuously with more caregiving hours in the pre- and post-threshold periods (probit coefficient 

of interaction=-0.00852, 95% CIs: -0.0212 to 0.00418, p-value>0.1). In conclusion, we found strong 

evidence of an overall association between caregiving hours and LFP for men (joint p-value of three 

caregiving hours variables=0.0120), but this association did not depend on the caregiving threshold 

(joint p-value of the threshold and interaction=0.160).  

In Figure 2, we report the predicted probability of LFP and 95% CIs for reference-level Chinese 

men with different weekly hours of unpaid caregiving. We observed a steady decline in their 

probability of LFP from 0.710 (95% CIs: 0.669 to 0.752) to 0.597 (95% CIs: 0.493 to 0.700) as their unpaid 

caregiving hours per week increased from 0 to 71 hours. At the caregiving threshold of 72 hours, the 

probability reached a high of 0.811 (95% CIs: 0.643 to 0.980), but thereafter the probability fell with 

more caregiving hours, ultimately reaching a low of 0.502 (95% CIs: 0.326 to 0.677) at 140 hours of 

unpaid caregiving a week. 

 

Figure 2 Predicted probability of labour force participation based on the one-stage probit model for 

Chinese men with reference-level characteristics. We defined Chinese male with reference-level 

characteristics to be 52 years of age, married, with middle school education, living in a rural 

community with 4 household members, did not have work-limiting health conditions, and whose 

spouse earned 442 RMB per month. Grey dashed lines represent 95% confidence intervals for the 

predicted probability of labour force participation. LFP, labour force participation. 

Other significant correlates of higher LFP among men were younger age (for a one-year increase 

in age: marginal probability=-0.0180, 95% CIs: -0.0215 to -0.0145, p-value<0.01); married (vs. 

unmarried: marginal probability=0.108, 95% CIs: 0.0351 to 0.181, p-value<0.01); having completed 

high school (marginal probability=0.0564, 95% CIs: 0.0111 to 0.1017, p-value<0.05); urban residence 
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(marginal probability=0.0793, 95% CIs: 0.0447 to 0.114, p-value<0.01); reporting work-limiting health 

conditions (marginal probability=0.434, 95% CIs: 0.333 to 0.535, p-value<0.01); and a higher monthly 

spousal income (logged income: marginal probability=0.0132, 95% CIs: 0.00726 to 0.0191, p-

value<0.01).  

3.5. Sensitivity analysis 

We report estimation results for the four simpler models in Table 3. For women, we found strong 

statistical evidence that omitting considerations of either kinks or discontinuities or both would 

greatly reduce the performance of the model (all p-values of likelihood ratio tests<0.05). For men, the 

results implied that while our model exceeded the performance of the model that regarded caregiving 

as a dummy variable and the discontinuity-only model (both p-values of likelihood ratio test>0.05), 

it was comparable to the kink-only model (p-value<0.1) and to the model that accounted for neither 

kinks nor discontinuities (p-value>0.1). 

Table 3 Results of four simpler models for estimating the relationship between unpaid caregiving 

hours and LFP 

Variables 

CG as a 

dummy 

variable  

CG as a 

continuous 

variable  

 Discontinuity-only Kink-only  

Women     

Caregivers status 
-0.0608* 

(0.0242) 
-- -- -- 

Caregiving hours before the 

threshold, per hour 
-- 

-0.00176*** 

(0.000376) 

0.0875* 

(0.0456) 

-0.00179 

(0.00416) 

Discontinuity at the 

threshold of caregiving 
-- -- 

-0.185*** 

(0.0475) 
-- 

Interaction between 

threshold and caregiving 

(kink) 

-- -- -- 
2.92e-05 

(0.00452) 

Pairwise likelihood ratio test 

(vs. the original model)  
*** ** *** *** 

Men     

Caregivers status 
-0.00119* 

(0.000523) 
-- -- -- 

Caregiving hours before the 

threshold, per hour 
-- 

-0.0187 

(0.0183) 

-0.000846*** 

(0.000315) 

-0.000803* 

(0.000486) 

Discontinuity at the 

threshold of caregiving 
-- -- 

-0.0411 

(0.0449) 
-- 

Interaction between 

threshold and caregiving 

(kink) 

-- -- -- 
-0.000153 

(0.00132) 

Pairwise likelihood ratio test 

(vs. the original model)  
*** >0.1 *** * 

We report the marginal effect point estimate and the standard error. *p-value<0.1, **p-value<0.05, ***p-

value<0.01. 

Results of subgroup analyses stratified by the type of Hukou status, educational level and 

household income for Chinese women are reported in Table 3. We found that for women who either 

had urban Hukou status or at least middle school education or household income that equaled to or 

exceeded the median level, the relationship between their unpaid caregiving hours and LFP generally 

followed the pattern revealed in our primary analysis; that is, before 8 hours, LFP tended to increase 

with more unpaid caregiving hours but any additional caregiving hours thereafter reduced LFP. For 
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women with rural Hukou status, the pre-threshold increasing association between caregiving hours 

and LFP diminished (p-value of the caregiving continuous variable>0.1), and for those with 

household income below the median level, there was an absence of association between unpaid 

caregiving hours and LFP (joint p-value of three caregiving hours variables>0.05). 

Table 4 Subgroup analyses on Chinese women assuming a weekly caregiving threshold of 8 hours 

  Hukou Status Educational Status Household income 

Variables 

Urban 

(n=544)  

Rural  

(n=902) 

Below 

middle 

school 

(n=689) 

Middle 

school 

or above 

(n=762) 

Below the 

median 

(n=649) 

Equal or 

above the 

median 

(n=796) 

Caregiving hours before 

the threshold, per hour 
0.0275* 

(0.0147) 

0.0257 

(0.0264) 

0.0293* 

(0.0162) 

0.0300** 

(0.0146) 

0.00776 

(0.0179) 

0.0355** 

(0.0142) 

Discontinuity at the 

threshold of caregiving 
-0.0445 

(0.0637) 

-0.0116 

(0.0468) 

0.0113 

(0.0543) 

-0.0507 

(0.0524) 

-0.0554 

(0.0535) 

0.0354 

(0.0515) 

Interaction between 

threshold and 

caregiving 

-0.0289** 

(0.0147) 

-0.0272* 

(0.0164) 

-0.0314* 

(0.0162) 

-0.0309** 

(0.0147) 

-0.00842 

(0.0179) 

-0.0377*** 

(0.0142) 

Caregiving hours after 

the threshold, per hour† -0.0014* -0.0015 -0.0021 -0.0009** -0.00066 -0.0022** 

Joint significance of the 

three caregiving hours 

variables *** *** *** *** * *** 

We report the marginal effect point estimate and the standard error. †The probit coefficient representing the 

association between labour force participation and caregiving hours after the threshold was calculated by 

summing the coefficients of CG and CG*CG^. Its p-value represents the joint significance of CG and CG*CG^. 

*p-value<0.1, **p-value<0.05, ***p-value<0.01.  
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We report results of the same subgroup analyses on Chinese men in Table 5. We did not identify 

any association between unpaid caregiving hours and LFP for men with urban Hukou status, had at 

least middle school education or came from a household with income below the median level (all p-

values of the joint significance of the three caregiving hours variables>0.1). For men with rural Hukou 

status or did not complete middle school, their LFP decreased continuously with more unpaid 

caregiving hours without the effects of any discontinuities or kinks at the 72-hour caregiving 

threshold. For men whose household income was at least at the median level, their LFP was initially 

unrelated to more unpaid caregiving hours before the 72-hour threshold (p-value of the caregiving 

continuous variable>0.1); at the threshold, there was an increase of 0.969 in the marginal probability 

of LFP (p-value<0.05) and LFP started to decrease with more caregiving hours thereafter (joint p-

value of the threshold and interaction<0.05).  

Table 5 Subgroup analyses on Chinese men assuming a weekly caregiving threshold of 72 hours 

  Hukou Status Educational Status Household income 

Variables 

Urban 

(n=814) 

Rural 

(n=1454) 

Below 

middle 

school 

(n=809) 

Middle 

school or 

above 

(n=1459) 

Below the 

median 

(n=1013) 

Equal or 

above the 

median 

(n=1255) 

Caregiving hours 

before the 

threshold, per 

hour 

-0.000263 

(0.000938) 

-0.00150** 

(0.000616) 

-0.00293*** 

(0.000823) 

0.000144 

(0.000683) 

-0.00120 

(0.000829) 

-0.00103 

(0.000650) 

Discontinuity at 

the threshold of 

caregiving 

0.816* 

(0.439) 

0.170 

(0.216) 

0.297 

(0.317) 

0.392 

(0.273) 

0.0913 

(0.276) 

0.969** 

(0.421) 

Interaction 

between 

threshold and 

caregiving 

-0.00728** 

(0.00361) 

-0.000591 

(0.00197) 

-0.00146 

(0.00287) 

-0.00329 

(0.00236) 

-7.66e-05 

(0.00247) 

-0.00727** 

(0.00336) 

Caregiving hours 

after the 

threshold, per 

hour† -0.00754 -0.00209 -0.00439 -0.00315 -0.00128 -0.0083* 

Joint significance 

of the three 

caregiving hours 

variables >0.1 ** *** >0.1 >0.1 ** 

We report the marginal effect point estimate and the standard error. †The probit coefficient 

representing the association between labour force participation and caregiving hours after the 

threshold was calculated by summing the coefficients of CG and CG*CG^. Its p-value represents the 

joint significance of CG and CG*CG^. *p-value<0.1, **p-value<0.05, ***p-value<0.01. 

4. Discussion 

In this population-based cross-sectional study, we used data from the CHARLS baseline survey 

to explore the relationship between weekly unpaid caregiving hours and LFP among Chinese women 

and men. Three major findings emerged from our analysis: first, LFP was significantly associated 

with caregiving for both gender groups. Second, although we did identify a caregiving threshold (72 

hours/week) for men, their LFP was generally inversely related to caregiving without any kinks or 

discontinuities. Third, we identified a statistically significant kink in the relationship among women 

whereby their probability of LFP was initially positively associated with caregiving until it reached 
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a caregiving threshold of 8 hours/week after which the probability of LFP fell continuously with more 

caregiving hours.  

4.1. In contrast to prior literature 

To the best of our knowledge, our work is the first empirical analysis that simultaneously 

assessed both kinks and discontinuities in the relationship between caregiving and a labour market 

outcome. Furthermore, we established the statistical value of considering both kinks and 

discontinuities through examining four simpler models all of which had poorer performance. A 

recently proposed theoretical model suggests LFP would be inversely related to caregiving intensity 

with one discontinuity in this relationship [8]. Our analysis attests to this non-linearity, but there are 

other findings that are not in line with those theoretical predictions: first, among both women and 

men, we did not identify any statistically significant discontinuity (both p-values>0.1) in their 

respective LFP relationships; second, the relationship between caregiving intensity and LFP for 

women was not consistently negative; LFP first grew with caregiving hours, reaching a peak at 7-

hours per week of caregiving, and then falling from the caregiving threshold of 8-hours per week. 

While the first discrepancy is largely attributed to the structure of our data, the second warrants 

further consideration. It is plausible that our results imply that when confronted with the double 

burdens of paid work and caregiving responsibilities, Chinese women are inclined to combine labour 

work with a moderate amount of caregiving; it is only when these caregiving duties become more 

time-consuming that they tend to withdraw from the labour market. Hence, our results suggest that 

while caregiving might exert an adverse impact on the employment opportunities of Chinese men, 

Chinese women are more likely to balance their work and caregiving activities, at least until their 

intensity of caregiving reached the caregiving threshold. These findings are unique in the 

international literature and contrast with prior studies that suggest caregivers are generally more 

likely to withdraw from the labour market given more intensive caregiving [2,9,11,15,41,42]. We add 

to the literature by identifying a segment of the LFP relationship with caregiving intensity that is not 

exclusively decreasing, at least for women who provide unpaid care up until the threshold. 

Regarding potentially significant thresholds of weekly unpaid caregiving hours, prior studies 

have explored four candidates (including 0, 5, 10, 15 and 20 hours), but these were either chosen 

conveniently in increments of 5 hours or were loosely based on prior findings [12]. For the first time, 

we were able to locate two caregiving thresholds—for women and men separately—that were 

statistically grounded and verified the effects of these thresholds by joint hypothesis testing. There 

has been no Asian-based study that has examined a caregiving threshold, so our study represents an 

advancement in that regard [5,43–46].  

Another novelty of our analysis was to simultaneously deal with the potential endogeneity of 

unpaid caregiving hours and locate empirically a caregiving threshold. Although in the theoretical 

model proposed by Van Houtven et al [8] caregiving hours are considered exogenous, we used 

instrumental variables to statistically rule out the potential for inverse causality and unmeasured 

confounding while embedding a maximized likelihood-based procedure to identify a significant 

caregiving threshold. The popularity of instrumental variables is well established in the health 

economics literature and at least five studies have applied this technique to understand the causal 

role of unpaid caregiving on labour market outcomes [2,11,28,30,43]. However, there is a paucity of 

work that jointly use instrumental variables and a selective procedure to detect thresholds [47]. Our 

paper demonstrates that it is feasible to combine such methods and we hope that it may encourage 

others to replicate such methods when assessing a complex causal relationship involving potential 

kinks and/or discontinuities. 

Our work identified a significant positive association between LFP and having work-limiting 

health conditions. While this association may seem counter-intuitive and contrast with international 

literature [48], it is imperative to note that our study sample comprises non-farming, working-age 

Chinese (aged 45-65 years) who face retirement, if they are not already retired [25]. So, for our study 

participants the decision they face is whether to exit the labour market or to continue working until 

they reach their mandatory age of retirement. In this way, our results imply that having a work-
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limiting health condition might act as a proxy for low levels of accumulated wealth whereby healthy 

individuals (with higher accumulative wealth) tend to retire earlier than those with work-limiting 

health conditions. The latter tend to have lower wealth and greater financial insecurity are likely to 

work towards their mandatory retirement age in order to enable them to live more independently in 

older age. Future studies with data on common measures of accumulated wealth, such as net worth, 

home ownership and total assets, need to confirm the proxy role of having work-limiting health 

conditions on low wealth. 

4.2. Policy implications 

Our findings have important implications for policy decision makers. Within China’s 

institutional and cultural context, unpaid caregiving by family members is expected to continue to 

be the predominant source of care in future years [32]. As such, policy makers need to be well-

informed about the trade-off between increased unpaid caregiving and erosions in labour market 

participation. By designing interventions that help unpaid caregivers better balance their caregiving 

commitment and labour market responsibility, there is potential to advance both sets of activities. 

This could be accomplished in many ways, including but not limited to more flexible work hours, 

paid leave for caregiving, and care allowances. Such programs have already been implemented 

successfully in some western countries with proven effectiveness in alleviating the burden of 

caregiving and supporting caregivers to balance paid work and caregiving obligations [49]. 

Moreover, as we found Chinese women and men react differently when confronted with the double 

burden of caregiving and employment, policies need to reflect this gendered difference. Specifically, 

family-friendly policies need to target women who combine work and caregiving in order to enhance 

their ability to actively take part in both unpaid home care and labour activities, with the goal of 

advancing their well-being. There is evidence from some western countries that such family-friendly 

policies targeting women are promising tools to promote a higher economic activity of women in 

addition to improving the work-family balance for both gender groups [50]. 

4.3. Limitations 

Our study has a number of limitations that are common in observational studies using cross-

sectional survey data. First, accuracy of these data relied entirely on self-reporting by participants. 

However, the CHARLS is a nationally representative survey with rigorous sampling procedures and 

well-established survey instruments [26] which should lead to reliable responses among participants. 

Second, our study is uniquely situated in China, which impedes our ability to generalize the findings 

to other countries. However, we do believe that the increasing burden of unpaid caregiving is a 

shared concern worldwide [1,2], and the results from our analysis provide insights that are applicable 

to an international context. Furthermore, the significance of our study is that for the first time, a 

complex relationship between LFP and unpaid caregiving that entails potential kinks and 

discontinuities has been empirically examined. In this way, our work provides important statistical 

insights and paves the way forward for others to replicate this analysis using international data. Last, 

we were unable to assess a causal relationship between unpaid caregiving and LFP due to the cross-

sectional nature of our data. Future study with access to longitudinal data need to re-visit this topic 

in order to examine the causal role of unpaid caregiving on various labour market outcomes. 

5. Conclusions 

This study offers important empirical insights regarding the complex relationship between the 

intensity of unpaid caregiving and labour force participation among Chinese women and men. The 

findings help inform both health and social care policy decision making as well as labour force policy 

in the face of an aging of the population. Policies that assist unpaid caregivers to maintain balance in 

their caregiving and labour market activities are of universal importance. Moreover, there are 

opportunities to extend the methodology to other labour market outcomes that may be impacted by 

unpaid caregiving, such as hours of work and hourly wages. 
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