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Abstract

The low retirement age has imposed a heavy economic burden on the pension system in
China, leading to an ongoing debate about raising the retirement age. To understand the
potential costs of raising the retirement age, we need to consider the health effects of
retirement policies. Using the China Health and Retirement Longitudinal Study
(CHARLS) from 2011 to 2015, this study employs the statutory retirement age as the
exogenous variable of retirement and applies a fuzzy regression discontinuity design
(RDD) to examine the effect of retirement on the health of Chinese elderly people. We
find that retirement has a non-significant effect on health with respect to a series of health
indicators, different bandwidths of RDD and sub-sample groups. The finding is also
robust across different retirement definitions and retirement ages. This result may be
attributed to the minimal changes in income and lifestyles before and after retirement.
Moreover, the findings of this study provide important evidence for policy makers to
increase retirement ages in China.
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Introduction
Background

China is facing the issue of rapid ageing. The number of people aged 60 and above
in China has increased from 90 million to 167 million in the past two decades." At
the same time, the statutory retirement ages (SRAs) in China are 60 years for men
and 55 or 50 years for women, which are much lower than those in other countries.
For instance, the average state retirement ages in Organization for Economic
Co-operation and Development countries were above 60 for men and 58 for
women in 2010 (Kerkhofs and Lindeboom, 1997; Yang and Xie, 2014). Against
this backdrop, the increase in retired people will impose a huge financial burden
on the pension system in China. In 2018, the gap between pension insurance
income and expenditure reached 450 billion yuan in China.> Therefore, raising
the retirement age has become an urgent issue in the current government work
agenda to ease the pension financial burden. To understand fully the possible
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consequences of delayed retirement policies, we need to consider the health effect of
retirement. For example, if retirement has a positive effect on health, then raising
retirement ages may increase the health costs as it may negatively affect the health
of elderly people.

In this study, we analyse whether retirement has an impact on health in China.
Theoretically, the effect of retirement on health is far from obvious (Galama et al,
2013; Kuhn et al., 2015). According to Grossman’s (1972) health demand model,
income and time are both components of gross investments used to increase health
stock. Generally, retirees tend to have less income but more leisure time after retire-
ment. However, income and leisure time may lead to different health outcomes. On
one hand, decreased income reduces the ability to pay for health investment com-
modities, such as health care, which may have a negative effect on health (ML
Zhang et al, 2018). On the other hand, with more leisure time, retirees have
lower opportunity costs for medical treatment and more time to improve their life-
style, such as exercising more and eating a healthier diet, which may have a positive
impact on health (Fé and Hollingsworth, 2016).

A large body of empirical studies also show that the health effect of retirement is
mixed. Kerkhofs and Lindeboom (1997) were the first to explore the relationship
between retirement and health. They employed the Hopkins Symptom Checklist
health index to measure health and found that early retirement could improve
health in the Netherlands. Similar to the research of Kerkhofs and Lindeboom, a
series of subsequent studies also found that retirement has a significant effect on
various subjective and objective health indices in some developed countries
(Charles, 2004; Neuman, 2008; Johnston and Lee, 2009; Coe and Zamarro, 2011;
Latif, 2011; Hashimoto, 2013; Horner, 2014; Belloni et al, 2016; Bloemen et al.,
2017; Shai, 2018). In contrast, some studies also provide evidence that retirement
has a negative or non-significant effect on health (Dave et al., 2008). The inconsist-
ency of existing conclusions can be attributed to differences in identification strat-
egies, selected samples and health indicators, retirement systems and sociocultural
characteristics (van der Heide et al., 2013; ML Zhang et al., 2018).

The estimation of the causal effect between retirement and health is empirically
challenging since the retirement decision is not random. Specifically, poor physical
and mental health may directly induce retirement, while unobservable and time-
varying confounding factors will affect retirement and health simultaneously
(Bloemen et al., 2017). An approach to address this endogenous problem is to
use the SRA as an exogenous variable for retirement and employ instrumental vari-
able regression or regression discontinuity design (RDD) to explore the causal rela-
tionship between retirement and health (Insler, 2014). In addition, some studies
further focus on the mechanisms that explain how retirement leads to different
health outcomes. Some of them found that retirement is good for health because
retirees tend to have a more active lifestyle, such as reduced smoking and drinking,
improved sleep quality and increased physical activities (Insler, 2014); in contrast,
others found that the health effect of retirement is negative because retirees tend to
increase the frequency of smoking (Ayyagari, 2016).

The existing studies have provided important references for this study. However,
these studies on retirement-health analysis present conflicting results and limit the
scope of this subject to developed countries. In view of the large disparities in
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economic development levels, social security systems and demographic characteris-
tics between developed and developing countries, the impacts of retirement on
health vary between different countries. Therefore, this study will contribute to
the literature on the effect of retirement on health by providing more evidence
from China.

In recent years, studies on retirement and health in China have gradually
emerged (Wang and Zang, 2016; Dong and Zang, 2017; Liu and Lang, 2017). Lei
et al. (2010) first analysed the effect of retirement on the health of male and female
retirees in China. Ye (2018) further explored the role of lifestyles as a mechanism in
retirement and health. Similar to Ye’s research, Su and Li (2019) analysed the
change in health effects in retirement after adding lifestyle and time-use variables.
In addition, some research also explored the health effect of retirement among a
specific group, such as males or urban elderly people (Deng and He, 2016; Zou
et al., 2018).

However, studies on this subject in China still have the following limitations.
First, most of them only adopt a single indicator or several simple indicators as a
measure of health, such as self-reported health or depression symptoms and illness,
which do not completely reflect an individual’s health status. It is necessary to use
multi-dimensional indicators as a measure of health because health is a multi-
dimensional concept. Second, the sample range selected by the previous studies
is too narrow to estimate accurate results. Most studies limit their sample scope
to people with urban household registration or people who only work in compan-
ies. However, retirement applies to people with formal occupations in China, such
as those who work in government, public institutions, state-owned companies or
private companies, regardless of whether they have an urban or rural household
registration. Third, some studies define retirement based on ‘processed retirement’
or dropping out of the labour market only, which may not apply to reality in China.
On one hand, China’s pension system is not perfect. A large number of self-
employed people are not subject to SRA, and these individuals continue working
as long as their health permits. In addition, a certain percentage of retirees may
still work for pay after claiming their pension. On the other hand, some people
have never had paid work and did not ‘retire’ from work.

Based on the China Health and Retirement Longitudinal Study (CHARLS) from
2011 to 2015, this study employs SRA as the exogenous variable of retirement and
applies RDD to examine the effect of retirement on health in China. In addition, to
overcome the limitations of previous studies, we comprehensively investigated the
health effect of retirement by using as many health indices as possible. In terms
of sample selection, we restrict the sample to civil servants, staff of public institu-
tions and those who participate in employee pension insurance to make the estima-
tion results more accurate. In addition, we also apply different bandwidths to
analyse the effect of retirement on the health of retirees of different genders, edu-
cation levels and occupations. To understand our findings better, we further explore
two possible mechanisms (income and lifestyle) between retirement and health in
this study. However, the health effect of retirement may not be obvious in the short
term, so we also investigated the long-term health effects of retirement using a
donut-hole RDD. Finally, we test the robustness of our findings by alternating
retirement definition and retirement age.
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Institutional setting

The SRA is 60 for males, 55 for female civil servants and 50 for other female work-
ers in China. In principle, employees are required to retire when they reach the
SRA, but occasionally they do not. For example, employees are allowed to retire
early before they reach the SRA if they are diagnosed with severe diseases and dem-
onstrate that they are too ill to continue working, or if their working conditions are
dangerous or harmful to their health. In addition, employees in the private sector
may not be retired when they are at SRA given that private companies do not
strictly enforce SRA. In addition, the number of self-employed individuals increases
rapidly with the development of the economy, and these individuals continue
working as long as their health permits regardless of the SRA. As a result, a sub-
stantial number of people may not comply with the SRA.

The SRA is associated with the pension system. The rapid ageing caused by birth
control policies and the increased life expectancy has placed a heavy economic burden
on the sustainability of the pension system in China. China’s SRA, the lowest retire-
ment age in the world, also intensifies the situation. The pension systems in China are
mainly comprised of three programmes: a social pension insurance system for rural
residents and non-working urban residents, an urban employee pension insurance
system for enterprise employees, and a government and public institutions pension
insurance system for civil servants and staff in public institutions. It is worth noting
that some people with rural household registration who working in large companies
also participate in urban employee pension insurance. The SRA does not apply to peo-
ple without formal occupations regardless of whether they live in urban or rural areas,
and the pension they receive from the social pension insurance system typically does
not meet their basic living costs. Thus, we restrict our samples to people with formal
occupations and covered by the latter two pension insurance systems.

The remainder of this study is organised as follows: the following section
describes the data, variables and empirical strategies; the next section presents
the results and mechanism; this is followed by the discussion section.

Data and methods
Data

The data used in this study are derived from the CHARLS. This dataset randomly
selects approximately 17,500 individuals aged 45 and above from 450 villages in 150
counties or districts. This dataset includes rich information on respondents’ demo-
graphic characteristics, health care, insurance, retirement and pension status.
CHARLS has been conducted nationally since 2011 and repeated every two
years. The data we used are from the first three waves of the survey between
2011 and 2015. We restrict the sample to enterprise employees who enjoy urban
employee pension insurance, and civil servants and staff in public institutions
who enjoy government and public institution pension insurance. All samples in
this study were aged between 50 and 70 for males and between 45 and 60 for
females. To make the sample size large enough to meet the requirement of RDD,
we construct three-wave pooled cross-sectional data from 2011 to 2015. After
excluding observations with missing information on the selected variables, the
remaining sample size is 7,904, with 4,899 males and 3,005 females.
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Assessment of health

The dependent variables of this study are a series of health indices. To comprehen-
sively analyse the health effect of retirement, we include as many subjective and
objective indices as possible to measure health. The following health indices were
assessed: (a) objective health: (1) Body Mass Index (BMI): a dummy variable indi-
cating whether the respondents are obese (1 = yes, BMI > 28, 0 =no, BMI < 28);’
(2) hypertension: a dummy variable showing whether the respondents have hyper-
tension based on the measurements of their systolic and diastolic pressure (1 = yes,
0 =no); (3) chronic diseases: a dummy variable presenting whether the respondents
have at least one of 14 chronic diseases mentioned in the questionnaire (1 = yes, 0 =
no); (4) illness last month: a dummy variable indicating whether the respondents
were ill in the past month (1 = yes, 0 =no); (b) subjective health: (1) self-reported
health: the score ranges from 1 to 5, and the answers are recoded dichotomously
into good (1 =excellent or good or fair) and bad (0 =bad or very bad); (2) self-
reported memory: it is also assessed on a scale from 1 to 5, and the answered are
also recoded dichotomously into good (1 = excellent or good or fair) and bad (0=
bad or very bad); (3) the calculation capacity: a dummy variable indicating whether
the respondents can perform five simple calculations (1 =five simple calculations
were all right, 0 = otherwise); (4) depression: a dummy variable showing whether
the respondents have depression based on the score of the Center for
Epidemiologic Studies Depression Scale (CES-D) (1 = depression, CES-D > 10, 0 =
no depression, CES-D < 10); (5) memory: a dummy variable presenting whether
the respondents can recall at least one of the ten words immediately (1 = yes, 2 = no).

Assessment of retirement

The core independent variable of focus is whether the respondent has retired. There
are three common methods used to define retirement in previous studies: (a) self-
reported ‘processed retirement’ (Wang and Zang, 2016; Dong and Zang, 2017); (b)
dropped out of the labour market (Lei et al., 2010; Coe and Zamarro, 2011); and (c)
self-reported ‘processed retirement’ and dropped out of the labour market (Eibich,
2015; Liu and Lang, 2017; Ye, 2018). However, the first two definitions are not ideal
for this study based on two aspects. On one hand, many people may still be
employed by other employers or have a temporary contact with their previous
employers after processing retirement. As a result, a certain percentage of retirees
may still work for pay after claiming their pension (9.56% of participants in our
sample continue working after filing for retirement). On the other hand, some peo-
ple have never had paid work and did not ‘retire’ from work. Therefore, we adopt
the last definition because we consider it more applicable to the situation in China
that makes the estimation results more precise.

Assessment of demographic and socio-economic variables

We also control for an array of demographic and socio-economic variables, such as
age, gender, education, marriage, household registration, occupations and year. Age
is measured by subtracting the year of birth from the year of survey. Education is
categorised as high (1 =high school and above) and low (0 = middle school and
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below). Marriage is recoded dichotomously as with a spouse (1 =married or
co-habiting) and single (0 = separated or divorced or never married). Household
registration is categorised as urban and rural (1 =urban, 0 =rural). Occupations
are divided into government employees (1 =civil servants or public institution
staff) and enterprise employees (0= enterprise staff). Year is categorised as the
first wave of the data (1 =surveyed in 2011), the second wave of the data (2 = sur-
veyed in 2013) and the third wave of the data (3 = surveyed in 2015).

Assessment of income and lifestyle

In addition to examining the effect of retirement on health, we also explored the
mechanism of this effect. We select income and leisure time as the mediating vari-
ables because they are important input factors for health production (Grossman,
1972). In principle, an individual’s income may decrease and leisure time may
increase after retirement, which may lead to different health outcomes. On one
hand, the reduction in income after retirement will reduce people’s ability to pay
for nutritious food and medical services needed to maintain and improve health.
On the other hand, an increase in leisure time will provide individuals with
more time for entertainment and physical exercise, and reduce their opportunity
costs of medical treatment. Therefore, income and leisure time affect health in dif-
ferent manners. Given that income variables cannot be obtained directly from our
data and leisure-time variables are also difficult to measure directly, we finally select
the average monthly household expenditure and lifestyle as the proxy variables of
income and leisure time, respectively. Lifestyle includes physical exercise (1 = exer-
cising, 0 = no exercising), sleep quality (1 = good sleep quality, 0 = poor sleep qual-
ity), social activities (1 =yes, 0 =no), smoking (1 =yes, 0 =no) and drinking (1=
yes, 0 =no). The descriptive statistics of all variables are shown in Table 1.

Fuzzy regression discontinuity design

To address the inverse causal relationship between retirement and health, we
employ a fuzzy RDD to estimate the effect of retirement on health. As a
quasi-experimental design, RDD is ideal to identify the causal effect of treatment,
which uses SRA as a source of exogenous variation in retirement status. Another
reason we use fuzzy RDD to estimate the effect of retirement on health is that
the retirement probability will not increase from 0 to 100 per cent at the SRA.
Then, the treatment effect can be estimated as the ratio of the jump in the outcome
variable H to the jump in the probability of being retired at the SRA. The formula is
as follows:

_limg o E[H|la = 0 + &] — limgyo E[H|a = 0 + ]
~ limg o E[Rla = 0 + &] — limgyo E[R|a = 0 + €]

(D

TFRD

where o denotes the normalised age, and zgrp is the local average treatment effect

(LATE), indicating the effect of retirement on health around the cutoff point.
The validity of the RDD relies on two main assumptions. The first assumption

requires a discontinuity in the probability of treatment at the cutoff point. Figure 1
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Table 1. The difference in variables between employees and retirees

Employees Retirees
Variables N Mean N Mean Difference®
Objective health:
Body Mass Index 5,435 0.432 2,444 0.400 0.032***
Hypertension 4,244 0.107 2,125 0.091 0.016**
Chronic diseases 5,435 0.516 2,444 0.611 —0.095***
Illness last month 5,056 0.103 2,267 0.137 —0.034***
Subjective health:
Self-reported health 5,351 0.877 2,410 0.829 0.048***
Self-reported memory 5,071 0.241 2,367 0.205 0.036***
Calculation capacity 5,435 0.482 2,444 0.517 —0.034***
Depression 5,071 0.207 2,368 0.204 0.004
Memory 5,435 0.866 2,444 0.912 —0.046***
Mechanism variables:
Household monthly 5,435 1,603.23 2,444 1,507.846 95.386**
expenditure (yuan)
Exercise 5,435 0.327 2,444 0.336 —0.009
Sleep quality 5,064 0.737 2,366 0.716 0.021*
Social activities 5,435 0.916 2,444 0.997 —0.081***
Smoking 5,435 0.361 2,444 0.274 0.087***
Drinking 5,430 0.466 2,443 0.432 0.035***
Covariates:
Age 5,435 54.256 2,444 59.408 —5.152***
Gender 5,435 0.615 2,444 0.630 —0.015
Education 5,156 0.352 2,384 0.376 —0.024**
Occupation type 5,435 0.369 2,444 0.307 0.062***
Marriage 5,435 0.942 2,444 0.926 0.016***
Household registration 5,116 0.463 2,376 0.885 —0.422***
Year 5,435 2222 2,444 2.457 —0.235%**

Note: 1. Difference is estimated by chi-square test for dummy variables and by t-test for continuous variables.
Significance levels: Significant at * 10%, ** 5%, *** 1%.

verifies this assumption by showing a discontinuity at the SRA where the probabil-
ity of retirement increases sharply. In Figure 1, the normalised age is the assignment
variable for the RDD and is calculated by the actual age minus the corresponding
SRA for each gender. In addition, the first assumption also requires the assignment
variable to be smooth around the cutoft point, thus ensuring that the sample is
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Figure 1. Retirement rate by normalised age.
Note: The 95% confidence intervals are shown.

randomly allocated (McCrary, 2008). Figure 2 suggests no manipulation of the
assignment variable since no discontinuity appears at the cutoff point. The second
assumption requires that all other factors driving health status evolve smoothly
with respect to the assignment variable (Lee and Lemieux, 2010). In other words, if
the sample is locally randomised then individuals around the official retirement
age should not differ substantially in ‘all other factors’. Figure 3 displays the scatter
plots of covariates overlaid with local polynomial smooth plots. The graphs in
Figure 3 clearly indicate no significant discontinuity in any of the predetermined cov-
ariates at the cutoff point. Overall, the RDD validity checks support our identification
strategy and provide no evidence for violations of the key underlying assumptions.

Nonparametric estimation

The LATE parameter 7grp can be estimated parametrically or nonparametrically. In
this study, we employ nonparametric estimation given that it does not require a
particular functional form of the assignment variable. The nonparametric estima-
tion uses local linear regressions to estimate the elements of Equation 1. zggp is the
local average treatment effect that is estimated by Equation 2:

A 1 (0) — g (B)
b) = Mpy H 2
o) = O~ () @

where iy, (b) is the estimate of lim, o E[H|a = 0 + ¢], the health status just above
the SRA. In addition, fiy_(b), ftz,(b) and fi,_(b) are estimates of the
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Figure 2. Density of the assignment variable.

corresponding terms in Equation 1. For a given bandwidth, fiy, (b) is calculated
using a triangular kernel-weighted linear regression of H using observations to
the right of the age cutoff. The intercept of this local linear regression is fiz (b).
The other three terms in Equation 2 are calculated with the same method. The
bandwidth b is based on two separated mean squared error (MSE)-optimal band-
width selectors (below and above the cutoff), which are driven by data. To obtain a
robust result between retirement and health, we select different bandwidths to esti-
mate the health effect of retirement and present the results of the optimal band-
width (b), half of the optimal bandwidth (0.5b) and twice the optimal bandwidth
(2b). We also report the usual heteroscedasticity robust standard errors clustered
at the individual level to control for the correlation of error terms in the same indi-
vidual across the three-wave data.

Results
Descriptive statistics

Table 1 shows the descriptive statistics of variables between employees and retirees.
With respect to health indices, significant differences in almost all related variables
(except depression) exist between the employed and retired groups. Specifically,
compared with employees, retirees tend to have a lower prevalence of obesity
and hypertension, and better calculation capacity and memory. However, retirees
exhibit a poorer status on other health indices such as the prevalence of chronic
diseases, illness in the past month, self-reported health and memory, compared
with employees. The significant differences in health indices (last column of
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Figure 3. The predetermined covariates by normalised age.
Note: The 95% confidence intervals are shown.
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Table 1) indicate that retirement is associated with a deterioration of physiological
health and an improvement in mental health. This finding is potentially attributed
to the fact that retirees are older than employees and their physical functions
decline with age, whereas their better mental health benefits from healthier lifestyles
and no work pressure after retirement. In terms of mechanism variables, retirees
tend to have lower monthly expenditures but healthier lifestyles, such as smoking
and drinking less. In addition, great differences also exist in covariates, such as
age, education, occupation, marriage and household registration between the two
groups. However, the differences in health indices between the employed and
retired groups cannot be attributed to retirement directly because these results
require more rigorous empirical tests. Therefore, we use a fuzzy RDD to explore
the causal relationship between retirement and health further.

The effect of retirement on health

Columns 1-3 of Table 2 report the RDD estimates of the optimal bandwidth (b),
half of the optimal bandwidth (0.5b) and twice the optimal bandwidth (2b). As
shown in columns 1-3 of Table 2, neither objective nor subjective health indices
are significant under the given three bandwidths, indicating that retirement has a
non-significant effect on the health of Chinese elderly people as a whole. In add-
ition, due to differences in the SRA and physical functions between males and
females, the effect of retirement on health may vary by gender. Therefore, we divide
the sample into two groups based on gender to estimate the effect of retirement on
male and female health. Columns 4-9 of Table 2 report the impacts of retirement at
different bandwidths on the health of males and females. The results are similar to
those of the entire sample in that the health effect of retirement is also insignificant
in both the male and female groups.

We also explored the problem of whether retirement has different effects on
people with different education levels and occupations. Generally, individuals
with higher education levels have more health knowledge and pay more attention
to their health status. In addition, people working in government and public insti-
tutions are typically associated with a better income and working environment in
China. Therefore, the health effect of retirement may vary among individuals with
different education levels and occupations. Columns 1-6 of Table 3 present the
impacts of retirement on the health of people with different education levels,
whereas columns 7-12 show the estimated results of people with different occupa-
tions. Almost all the results in Table 3 are not significant, indicating that retirement
has no impact on the health of Chinese elderly people. Although several coefficients
in Table 3 are significant for certain bandwidths and health indices, these coeffi-
cients are not significant at all bandwidths. Therefore, the results are also robust
across groups with different education levels and occupations.

The effect of retirement on mechanism variables

Theoretically, retirement has a mixed impact on health in that the reduction of
income after retirement will make nutritional food and health-care services that
maintain and improve health less available, and the increase in leisure time after
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Table 2. The effect of retirement on health (entire sample and

male and female sub-groups)

Entire sample

Male sub-sample

Female sub-sample

Dependent variables (1) ) @3) 4) (5) (6) (7 (8) (9)
Bandwidths b 0.5b 2b b 0.5b 2b b 0.5b 2b
Body Mass Index 0.457 0.059 0.033 V 0.923 0.107 —0.211 0.543 0.040 0.100
(0.314) (0.184) (0.167) (1.236) (0.290) (0.518) (0.474) (0.256) (0.372)
Hypertension —0.620 —0.312** —0.644 -3.735 - —4.050 —0.048 —0.054 —0.045
(0.473) (0.153) (0.419) (9.693) = (8.705) (0.245) (0.126) (0.196)
Chronic diseases 0.204 - 0.171 0.967 0.416 1.061 0.170 - —0.403
(0.190) = (0.202) (1.238) (0.313) (0.974) (0.426) = (0.389)
Illness last month —0.179 —0.140 —0.092 V —0.099 —0.069 0.119 —0.429 —0.263 —0.419
(0.217) (0.124) (0.119) (0.585) (0.183) (0.516) (0.401) (0.181) (0.301)
Self-reported health —0.067 0.001 —0.016 —0.298 0.009 —0.035 0.062 0.037 0.039
(0.223) (0.128) (0.127) (0.732) (0.207) (0.449) (0.297) (0.178) (0.270)
Self-reported memory 0.130 —0.094 —0.099 0.465 —0.204 —0.897 0.104 —0.005 0.089
(0.278) (0.168) (0.143) (1.094) (0.306) (1.120) (0.356) (0.210) (0.318)
Calculation capacity 0.101 —0.046 —0.067 0.707 0.138 —-0.591 —0.052 —0.208 0.226
(0.306) (0.185) (0.164) ' (1.038) (0.302) (0.922) (0.419) (0.257) (0.384)
Depression 0.166 0.125 0.091 0.102 0.092 0.406 0.164 0.039 0.011
(0.268) (0.166) (0.141) (0.888) (0.261) (0.681) (0.383) (0.225) (0.343)
Memory —0.016 = —0.068 —0.003 = —0.448 —0.078 —0.009 0.066
7 (Continued)
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Table 2. (Continued.)

Entire sample Male sub-sample Female sub-sample
Dependent variables (1) (2) (3) (4) (5) (6) (7) (8) (9)
(0.120) = (0.130) (0.185) = (0.667) (0.266) (0.157) (0.223)
Covariates Control Control Control Control Control Control Control Control Control
Observations 7,879 7,879 7,879 4,885 4,885 4,885 2,994 2,994 2,994

Notes: Standard errors clustered at the individual level are in parentheses. We also control the year variable in all models. Some estimates are missing due to the small sample size, but the

number of them is low, so this has little influence on our results.
Significance level: Significant at ** 5%.
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Table 3. The health effect of retirement on groups with different education levels and occupations

Government and public

Low education High education institutions Enterprises

Dependent variables (1) ) 3) 4 (5) (6) @) (8) (9) (10) (11) (12)
Bandwidths b 0.5b 2b b 0.5b 2b b 0.5b 2b b 0.5b 2b
Body Mass Index 0.294 = —0.236 0.161 = 0.422 0.200 —0.192 —0.273 0.973* 0.545 0.558"

(0.433) = (0.225)  (0.267) = (0.274) (0.379)  (0.236)  (0.189)  (0.574) (0.334)  (0.307)
Hypertension —0.281 - —0.017 —0.595* —0.536** —0.506*** —0.875 —0.291 —0.526 —0.445 —0.348 —0.353*

(0.561) = (0.561)  (0.332) (0.228) (0.164) (1.144)  (0.208)  (0.527)  (0.400) (0.342)  (0.205)
Chronic diseases 0.281 0.107 0.460 0.250 - 0.053 —0.021 - —0.244 0.965* 0.391 0.667**

(0.442) (0.256) (0.459) (0.260) = (0.282) (0.239) = (0.508) (0.560) (0.325) (0.273)
Illness last month —0.361 —0.263 —0.261 0.038 0.012 0.100 —0.188 —0.163 —0.143 —0.166 —0.135 —0.006

(0.323) (0.174) (0.181) (0.269) (0.169) (0.143) (0.263) (0.162) (0.136) (0.368) (0.203) (0.199)
Self-reported health —0.243 - —0.174 0.139 0.096 0.094 —0.031 0.040 0.101 —0.078 - —0.195

(0.327) = (0.340) (0.282) (0.179) (0.146) (0.410) (0.166) (0.145) (0.224) = (0.242)
Self-reported memory ~ —0.023 —0.089 —0.362 0.312 - 0.032 —0.136 - —0.536 0.490 0.091 0.123 og

(0.400) (0.242) (0.454) (0.385) = (0.215) (0.547) = (0.454) (0.498) (0.292) (0.271) °§
Calculation capacity 0.145 0.077 —0.080 0.065 —0.204 —0.072 0.248 - —0.067 —0.166 —0.298 —0.163 g

(0.435)  (0.256)  (0.221)  (0.406)  (0.269) (0.209) (0.378) = (0.189)  (0.543) (0.324)  (0.290) §
Depression 0.261 0.118 0.374 0.062 0.137 —-0.012 0.185 0.101 0.124 0.221 0.099 0.147 =

(Continued)
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Table 3. (Continued.)

Low education

High education

Government and public

Enterprises

institutions
Dependent variables (1) ) 3) 4 (5) (6) (7) (8) (9) (10) (11) (12)
(0.410) (0.248) (0.467) (0.319) (0.214) (0.164) (0.533) (0.216) (0.391) (0.452) (0.276) (0.239)
Memory 0.082 0.088 0.109 - - —-0.177 —0.024 0.040 —0.060 —0.135 —0.102 —0.079
(0.291) (0.168) (0.288) - - (0.167) (0.348) (0.154) (0.149) (0.338) (0.203) (0.192)
Covariates Control  Control  Control Control Control Control Control  Control  Control Control Control Control
Observations 4,830 4,830 4,830 2,710 2,710 2,710 5,126 5,126 5,126 2,753 2,753 2,753

8671
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Notes: Standard errors clustered at the individual level are in parentheses. We also control the year variable in all models. Some estimates are missing due to the small sample size, but the
number of them is low, so this has little influence on our results.
Significance levels: Significant at * 10%, ** 5%, *** 1%.
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Table 4. The effect of retirement on mechanism variables for the entire sample

Entire sample

Dependent variables (1) (2) (3)
Bandwidths b 0.5b 2b
Consumption —221.059 —391.576 —212.778
(229.835) (411.797) (194.519)
Exercise —0.209 —0.208 —0.138
(0.290) (0.174) (0.154)
Social activities —-0.114 - —-0.113
(0.093) = (0.096)
Sleep quality —0.096 - —0.241
(0.177) = (0.201)
Smoking —0.170 —0.180 —0.279*
(0.249) (0.145) (0.141)
Drinking —-0.016 - —0.020
(0.280) = (0.149)
Covariates Control Control Control
Observations 7,879 7,879 7,879

Notes: Standard errors clustered at the individual level are in parentheses. We also control the year variable in all
models. Some estimates are missing due to the small sample size, but the number of them is low, so this has little
influence on our results.

Significance level: Significant at ** 5%.

retirement will be beneficial to the investment of health. In the above analysis, we
find that retirement has a non-significant effect on the health of Chinese elderly
people. It is possible that mechanism variables that have different influence direc-
tions on health were hedged. Against this backdrop, we examine further the effect
of retirement on income and leisure time to explore the reasons for the above
results. As income and leisure time cannot be obtained directly from our data,
we use the average household monthly expenditure and five lifestyles as the
proxy variables of income and leisure time, respectively. Table 4 shows the effect
of retirement on mechanism variables that were estimated using a fuzzy RDD.
As noted from the results of Table 4, retirement still has non-significant impacts
on average monthly household expenditures and lifestyles among the entire sample.
In other words, people’s income and lifestyles are not changed significantly before
and after retirement, which explains why the health effect is not significant at
retirement.

Long-term effects of retirement on health

An array of estimates show that retirement has a non-significant effect on health.
This result could be attributed to insignificant changes in income and lifestyles
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before and after retirement. Lifestyles, especially healthy behaviours, are developed
over a longer period of time, so they are difficult to change in a short period of time.
In addition, income fluctuations within a short period after retirement are relatively
small given the steady growth in pension replacement rates and the custom of sav-
ing among the Chinese population. However, income and lifestyles may change in
the long term after retirement, which subsequently affects health. Against this back-
drop, after excluding the samples within three years around the SRA, we estimate
the long-term effects of health at retirement by employing a donut-hole RDD
with the best bandwidth and a triangular kernel-weighted linear regression
(Shigeoka, 2014). Table 5 shows the results of the long-term health effects of retire-
ment. Similar to the above results, the impact of retirement on health remains insig-
nificant in the long term. This finding is also robust across different gender groups.
Although several coefficients are significant under certain conditions, they are not
representative given that they are not significant under most conditions. Overall,
retirement has a non-significant impact on the health of Chinese elderly people
in both the long and short term.

Robustness checks

In the above section, we showed that our finding is robust across a series of health
indicators as well as different bandwidths, sub-groups and time horizons. In this
section, we assess further the robustness of the results with respect to different
retirement definitions and retirement ages for the entire sample. First, we directly
define retirement based on ‘processed retirement’ without considering whether
individuals continue working for pay after retirement. Figure 4 shows a discontinu-
ity at the SRA where the probability of retirement increases sharply under this
definition. Columns 1-3 of Table 6 show that the estimated results remain insignifi-
cant for all health indices. Second, we also test the robustness of our findings by
resetting the retirement age at 55. In principle, female civil servants (including
staff of public institutions) are required to retire at 55 in China. However, resetting
the retirement age at 55 can be considered a placebo test given that the proportion
of female servants (including staff of public institutions) in this study was only
approximately 30.18 per cent.* According to columns 4-6 of Table 6, no significant
effects of retirement on any of the health indices are noted. Similar results obtained
from the two robustness tests further support that retirement has a non-significant
effect on Chinese elderly people.

Discussion and conclusions

This study aims to explore the effect of retirement on the health of Chinese elderly
people. The results of this study indicate that retirement has a non-significant effect
on health in China, and these results are robust across different health indices, RDD
bandwidths, sub-groups, time horizons, retirement definitions and retirement ages.
Specifically, retirement has a non-significant effect on both objective (BMI, hyper-
tension, chronic diseases and illness in the last month) and subjective health indices
(self-reported health, the calculation capacity, depression and memory). In add-
ition, the health effect of retirement remains insignificant after adjusting model
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Table 5. A donut-hole regression discontinuity design: the long-term effect of retirement on health

Entire sample

Male sub-sample

Female sub-sample

Dependent variables (1) ) 3) (4) (5) (6)
Bandwidths b 2b b 2b b 2b
Body Mass Index 0.454 0.272** 0.359 0.301** 0.654 0.175
(0.370) (0.124) (0.403) (0.138) (0.904) (0.738)
Hypertension —0.297 —0.036 —0.269 —0.116 —0.964* —0.561
(0.234) (0.082) (0.251) (0.093) (0.562) (0.434)
Chronic diseases —0.605 0.030 —0.868** —0.296** —0.722 —0.184
(0.373) (0.124) (0.412) (0.140) (0.858) (0.685)
Illness last month 0.133 0.045 0.300 0.032 0.018 0.472
(0.252) (0.084) (0.283) (0.100) (0.603) (0.472)
Self-reported health —0.173 —0.076 —0.115 0.065 0.171 0.228
(0.259) (0.090) (0.281) (0.101) (0.590) (0.452)
Self-reported memory 0.506 0.053 0.604 0.161 0.642 0.269
(0.327) (0.107) (0.377) (0.126) (0.764) (0.650)
Calculation capacity 0.397 0.131 0.461 0.273* 0.175 —0.154
(0.376) (0.125) (0.418) (0.144) (0.885) (0.720)
Depression —0.007 0.052 —0.373 —0.120 0.895 0.866
(0.314) (0.103) (0.331) (0.111) (0.773) (0.624)
Memory 0.102 0.129 0.357 0.175* —1.031* —1.152**
(Continued)
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Table 5. (Continued.)

Entire sample

Male sub-sample

Female sub-sample

Dependent variables (1) (2) (3) (4) (5) (6)
(0.238) (0.081) (0.258) (0.090) (0.607) (0.516)

Covariates Control Control Control Control Control Control

Observations 4,392 4,392 2,973 2,973 1,419 1,419

Note: Standard errors clustered at the individual level are in parentheses.
Significance levels: Significant at * 10%, ** 5%.
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Figure 4. Retirement rate by normalised age (retirement definition based on ‘processed retirement’
only).
Note: The 95% confidence intervals are shown.

bandwidths. Similar to the results estimated based on the entire sample, retirement
has no impact on the health of groups of different genders, education levels and
occupations. Results from a donut-hole RDD to explore the long-term health
effects of retirement and robustness tests of alternating retirement definition and
retirement age further support the finding that retirement has neither short-term
nor long-term effects on health.

This finding is contrary to the results of previous studies from developed coun-
tries, which have suggested that retirement has significant effects (either positive or
negative) on health, and lifestyles and income are the critical mediating mechan-
isms between retirement and health. The disparities in findings between this
study and previous studies can be explained by the differences in social, cultural
and economic conditions in China compared with developed countries. A possible
explanation for this finding might be that lifestyle is difficult to change in a short
period of time because it is rooted in traditional culture and the social environment
in China. For example, drinking has become an indispensable aspect of people’s
social interactions and activities because liquor culture has a long history in
China (Jiang, 2011). People tend to drink alcohol in activities related to work before
they retire (Hao and Young, 2000). After retirement, however, work-related activ-
ities decrease, and activities with relatives or friends increase (Lei and Liu, 2018).
No significant difference in drinking is noted before and after retirement in
China (Liu and Lang, 2017; Su and Li, 2019). The same is true for physical exercise
(ML Zhang et al., 2018). Furthermore, as an addictive behaviour, it is also difficult
for individuals in both China and developed countries to quit smoking after
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Table 6. The effect of retirement on health (different retirement definitions and retirement ages)

Processed retirement

Resetting the retirement age

Dependent variables (1) ) 3) 4 (5) (6)
Bandwidths b 0.5b 2b b 0.5b 2b
Body Mass Index 0.929 0.060 0.069 0.159 - —0.181
(0.806) (0.189) (0.355) (1.061) - (0.201)
Hypertension —0.773 - —0.590 —1.420 —0.466 —1.459
(0.646) = (0.367) (1.785) (0.290) (1.739)
Chronic diseases 0.204 - 0.435 1.463 0.458 0.344
(0.190) - (0.545) (1.716) (0.312) (0.228)
Illness last month —0.445 —0.143 —0.214 0.170 0.008 0.062
(0.628) (0.125) (0.288) (0.694) (0.184) (0.139)
Self-reported health —0.130 0.001 —0.037 —0.083 —0.129 —0.051
(0.436) (0.130) (0.287) (0.759) (0.220) (0.172)
Self-reported memory 0.240 —0.093 —0.222 0.699 - —0.947
(0.530) (0.166) (0.328) (1.285) = (1.070)
Calculation capacity 0.209 —0.046 —0.141 —0.119 0.026 —0.240
(0.643) (0.190) (0.343) (1.067) (0.297) (0.235)
Depression 0.306 0.123 0.204 —0.660 —0.085 0.046
(0.514) (0.164) (0.322) (1.242) (0.271) (0.662)
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Memory —0.016 - —0.171 —0.062 - —0.524
(0.120) = (0.337) (0.184) = (0.719)

Covariates Control Control Control Control Control Control

Observations 7,876 7,876 7,876 7,879 7,879 7,879

Notes: Standard errors clustered at the individual level are in parentheses. We also control the year variable in all models. Some estimates are missing due to the small sample size, but the
number of them is low, so this has little influence on our results.
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retirement (Midanik et al., 1995; Ye, 2018). As a result, the lifestyles of most people
will not change significantly after retirement and thus do not have a significant
impact on health in China.

Another possible explanation for this finding is that income fluctuation after
retirement is not large in China in contrast to developed countries. The pension
replacement rate in China ranges from 60 to 80 per cent, which will lead to a reduc-
tion in income after retirement, and evidence indicates that the decrease in income
after retirement has a negative effect on health (ML Zhang et al., 2018). However,
China has a tradition of saving since ancient times and has the highest saving rate
(greater than 40%) in the world (Y Zhang et al., 2018). The savings can smooth
consumption fluctuations after retirement to a degree. Evidence shows that retire-
ment has a non-significant effect on income in China (Liu and Lang, 2017; ML
Zhang et al., 2018). As a result, in contrast to the conclusions derived from devel-
oped countries, the health effect of retirement is not obvious to the Chinese
population.

This finding is also contrary to previous studies using data from China. These
studies tend to report that retirement has a significant impact on certain health
indices of specific groups. The differences in sample selection and retirement def-
inition may contribute to the differences in results. On one hand, some studies limit
the scope of analysis samples to individuals with urban household registration (Lei
et al., 2010; Liu and Lang, 2017) or individuals who work in government and public
institutions (Zou et al., 2018). At present, some people who work in enterprises and
enjoy urban employee pension insurance may also come from rural areas and have
agricultural household registration in China. Therefore, limiting samples exclusively
to those with urban household registration or those who work in public institutions
may lead to bias in the estimation results. On the other hand, some studies define
retirement based on “processed retirement’ or ‘not working for pay’ only (Wang and
Zang, 2016; Dong and Zang, 2017). As noted in the retirement assessment section,
these two definitions are not precise. Therefore, different retirement definitions
may also cause differences in estimation results.

This study contributes to the literature on the effect of retirement on health by
providing more evidence from China. In this study, we provide more comprehen-
sive health indices and more accurate assessments of the effect of health on retire-
ment. Specifically, we adopted as many health indicators as possible (including
objective and subjective health indicators) and restricted the sample to civil ser-
vants, staff of public institutions and those who participate in employee pension
insurance in China. In addition, we also provided the results of different band-
widths of RDD and sub-sample groups and explored the long-term effects of retire-
ment on health. Robustness tests of alternating retirement definition and retirement
age also support the main results of this study.

The results of this study have important implications for policy makers on
whether and when to raise the retirement age in China. It is well known that ageing
is becoming a more serious policy issue in China due to the increase in life expect-
ancy and the decline in birth rate. Demographic changes have imposed a heavy eco-
nomic burden on the pension system in China. In addition, China has the youngest
retirement age in the world. Against this backdrop, raising the retirement age has
become an important way to cope with the ageing pressure in China. Our results
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demonstrate that retirement has a non-significant effect on health across a series of
robustness tests. Furthermore, the results show that retirement has no effect on
health in the long term. Overall, the findings of this study suggest that increasing
the retirement age may effectively reduce the social pension burden and have min-
imal effects on health in China. The findings of this study may also provide import-
ant references for other developing countries facing a rapidly ageing population
with the same cultural background as China.

It is important to bear in mind the possible bias that may exist in these results
given the limitation of sample size. Generally, the larger the sample size, the more
accurate the estimation of the RDD. The reason for the relatively small sample size
in this study is that we included more health indices and some indices had a certain
number of missing values. Therefore, we need to make a trade-off between the com-
prehensiveness of health indices and sample size. Furthermore, under the con-
straint of obtaining comprehensive health indices, we established three waves of
pooled cross-sectional data to expand the sample size as much as possible. The
findings of this study have been demonstrated to be consistent in an array of robust-
ness tests, indicating that these findings are relatively accurate.

Regarding future research, one interesting direction is to investigate the impact
of raising the retirement age on health in China and explore how the health effects
vary with education levels and occupations using a larger sample size.
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Notes

1 Data obtained from the National Bureau of Statistics of China.

2 Data obtained from China Financial Report 2019: Who Will Support Us? (https://baijiahao.baidu.com/s?
id=1654901894090413359&wfr=spider&for=pc).

3 BMI was obtained as weight in kilograms divided by height in metres squared.

4 This number may be higher than the actual proportion because we excluded people without formal occu-
pations in our samples.
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