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ARTICLE INFO ABSTRACT

Keywords: Population aging in middle-income countries, including China, has resulted in strong economic incentives to

Retirement increase the retirement age. These economic incentives should be weighed up against the effects of later re-

Regression discontinuity design tirement on physical and mental health and wellbeing. We aimed to determine the causal effect of retirement on

Str_ess perceived stress, an important measure of mental well-being. We used data from the China Health and Nutrition

China Survey in 2015 and adopted a non-parametric regression discontinuity design (RDD) to measure the causal effect
of retirement on stress. Stress was assessed using the Perceived Stress Scale (PSS)-14. On average, the effect of
retirement on stress was close to the null value and insignificant. In subgroup analyses, we found that retirement
reduces stress in men but raises stress in women. Though these gender-specific effects were not statistically
significant, their magnitudes were large. Thus, the average null result in the entire population appears to hide
opposite gender-specific effects. More research is needed to confirm this finding in studies with larger sample
sizes and understand the gender-specific pathways leading from retirement to stress.

Introduction pressure) that affect the entire body (Seaward, 2017). Chronic stress

Population aging is a formidable challenge for many societies
around the world. China is among the most rapidly aging societies in
the world (Bloom et al., 2018a), where the population aged 65 and
above is currently more than 10% and will continue to rise and reach
approximately one third in 2050. This dynamic is leading to a shrinking
workforce and a looming pension crisis. As people's healthy life ex-
pectancy is increasing (Hay et al., 2017), one approach considered by
many countries (e.g., China, Japan, Germany, Austria, and the UK
(Bloom, Kirby, Sevilla, & Stawasz, 2018b)) to mitigate some of the
negative impacts of population aging is to raise the retirement age, thus
increasing the labor force and decreasing the number of pension re-
cipients. While there are many political and economic deliberations in
setting an appropriate retirement age, a key consideration should be the
effects of retirement on people's health and wellbeing.

Stress is an important measure of wellbeing. The experience of a
perceived threat to one's mental, physical, emotional and spiritual
wellbeing and the inability to cope with the perceived threat can trigger
physiological mechanisms (e.g., increased heart rate and raised blood

that lingers for prolonged periods of time is a form of human suffering
and inadequate functioning because the body is perpetually aroused for
danger and stress-related hormones remain at a high level (Seaward,
2017). As a result, stress is thought to have important negative con-
sequences on physical and mental health. Studies have suggested that
stress is a risk factor for chronic disease, such as diabetes and cardio-
vascular diseases (Kelly & Ismail, 2015; Kivimaki & Steptoe, 2018), as
well as suicide (Miller, 1979). Studies have also found that retirement-
related stress is associated with increased mortality (Adams & Lefebvre,
1981; Haynes, McMichael, & Tyroler, 1978) and that stress reduction
can improve immune function (Davidson et al., 2003; Witek-Janusek
et al., 2008). Stress may also lead to poor sleep (Ong et al., 2013) and
induce unhealthy behaviors, such as smoking, excessive drinking,
eating unhealthy foods, and opioid use (Schaie & Carstensen, 2006).
Retirement may affect stress through several pathways. According
to role theory, retirement triggers role loss (Adams, Prescher, Beehr, &
Lepisto, 2002). Retirement may increase stress if the occupational role
is important to one's identity, while it may reduce stress if it relieves
role strain and work overload (Adams et al., 2002; Elwell & Maltbie-
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Crannell, 1981; Kim & Moen, 2002; Wang & Shultz, 2010). Continuity
theory emphasizes general human tendencies to maintain consistency
in life patterns over time and conceptualizes retirement as a stressful
disruption people need to cope with (Atchley & Robinson, 1982;
Richardson & Kilty, 1991; Wang & Shi, 2014). Components of this
disruption include changes in income and work-related social networks.
Previous studies found that financial and social mechanisms link re-
tirement to stress (Kim & Moen, 2002; Van Solinge & Henkens, 2008).
For example, retirement may increase stress because it shrinks work-
related social networks (Van Tilburg, 2003). People with larger and
more diverse networks are able to access more resources and can thus
cope better with stressful life events (Cattell, 2001).

The effects of retirement on stress are likely different for men and
women for a number of reasons. First, stress physiology and behavioral
strategies for problem solving differ between men and women
(Seaward, 2017). Second, there are important underlying gender dif-
ferences in mortality and morbidity (Case & Paxson, 2005), which can
be explained by both biological and behavioral factors (Schiinemann,
Strulik, & Trimborn, 2017). These factors may also modify the effects of
retirement on health-related outcomes. For example, retirement has
been found to have positive effects on cognitive functioning for men but
negative effects for women (Lei & Liu, 2018). Third, women and men
face different retirement ages in many countries (e.g., in China men
retire at age 60 while women retire at age 50 or 55), which could ex-
plain gender-specific effects. At a relatively young age, retirement could
mainly lead to role loss and consequently cause stress (Adams et al.,
2002). At a relatively old age, retirement could mainly reduce work-
related stress. Insights into potential gender heterogeneity of retirement
effects may help policy makers design differentiated policies for men
and women. As a result, the overall effectiveness of such policies could
increase, improving the wellbeing of older populations.

While previous studies have shown associations between retirement
and stress (Villamil, Huppert, & Melzer, 2006), these associations are
unlikely to describe causal relationships (Jokela et al., 2010;
Lindeboom, Portrait, & Van den Berg, 2002; Mein, Martikainen,
Hemingway, Stansfeld, & Marmot, 2003; Oksanen et al., 2011; Vo et al.,
2015; Westerlund et al., 2009). For example, workers experiencing
stress are more likely to retire (McGarry, 2004), raising concerns about
reverse causality. In addition, even the causally strongest of the pre-
vious studies that have estimated the relationship between retirement
and stress — which have employed longitudinal designs with individual-
level fixed effects — cannot rule out confounding, because they may
have omitted important variables that changed over time.

Our study also fits into the broader literature on the causal effects of
retirement on mental health. The previous research has provided mixed
evidence. While some research found that retirement is beneficial for
mental health or has no effect on mental health (Deng & He, 2016;
Eibich, 2015; Johnston & Lee, 2009; Lei & Liu, 2018; Picchio & van
Ours, 2018), some studies found that retirement is detrimental to
mental health (Heller-Sahlgren, 2017; Li, 2017). Likely reasons for
these inconsistent findings include different social contexts and meth-
odologies, disparate measurements of the same mental health outcome,
and different outcomes. It is plausible that retirement can significantly
affect one mental health outcome but may have limited impact on an-
other one. Common mental health outcomes that have been studied
thus far include depression (Coe & Zamarro, 2011; Deng & He, 2016;
Leinonen, Lahelma, & Martikainen, 2013; Li, 2017; Oksanen et al.,
2011), and cognitive ability (Coe & Zamarro, 2011; Lei & Liu, 2018;
Vercambre, Okereke, Kawachi, Grodstein, & Kang, 2016). Very few
studies have explored the causal effect of retirement on stress, and the
existing studies suffer from poor stress measurement (e.g., only use a
single question to measure stress (Bertoni & Brunello, 2017)). To our
knowledge, no study thus far has examined the causal effect of retire-
ment on stress using a validated stress scale. In this study, we use such a
scale for outcome assessment, the Perceived Stress Scale (PSS)-14.

To address the knowledge gap regarding causal retirement effects
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on stress, we used a rigorous quasi-experimental approach, the re-
gression discontinuity design (RDD). This approach has been used to
examine the causal effects of retirement on other outcomes (e.g.,
healthcare expenditure (Zhang, Salm, & van Soest, 2018), household
consumption (Li, Shi, & Wu, 2015), and cognition (Lei & Liu, 2018)).
RDD has also been used in epidemiology (Bor et al., 2014, 2017; Chen
et al., 2019; Oldenburg et al., 2016, 2018; Patenaude, Chimbindi,
Pillay, & Barnighausen, 2018). With this study, we aim to determine the
causal effect of retirement on perceived stress in older adults in China.

Methods
Data source aand study population

We used data from the China Health and Nutrition Survey (CHNS),*
which is a population-based longitudinal household survey that has, to
date, collected individual-level information on health, socioeconomic
status, and social and family networks in 10 waves, since 1989. The
CHNS initially covered eight of China's thirty-four provinces; it added a
ninth province in 1997, three mega cities in 2011, and three more
provinces in 2015. These provinces vary widely in geography, eco-
nomic development, public resources, and health indicators (Popkin,
Du, Zhai, & Zhang, 2009). The survey used multi-stage random cluster
sampling in each of the provinces. Counties in the nine provinces were
stratified by income (low, middle, and high), and a weighted sampling
scheme was used to randomly select four counties in each province.
Villages and townships within the counties and urban and suburban
neighborhoods within the cities were selected randomly. From 1989 to
1993, there were 190 primary sampling units; an additional province
and its sampling units were added in 1997. Currently, the number of
primary sampling units is 360. The response rate is 88% at the in-
dividual level and 90% at the household level (Popkin et al., 2009). For
this study, we used the recently released 2015 wave of the CHNS, be-
cause it is the most recent wave available and includes for the first time
data on stress. More detailed information on the CHNS design can be
found elsewhere (Popkin et al., 2009).

Retirement definition

China's statutory retirement policy was officially launched in 1978
and has not changed since then. While China has proposed the “pro-
gressive delay retirement scheme” to postpone retirement ages in recent
years, the policy is still under debate and will not be implemented
widely until 2022. Currently, the statutory retirement age is 60 years
for men, 55 years for female government employees, and 50 years for
other female workers. This policy does not vary by province and is
enforced strictly in the public sector. In the private sector, though
employees do not have to retire, they become eligible for a pension at
the statutory retirement age, which can motivate retirement (Lei & Liu,
2018; Li, Shi, & Wu, 2016).

We used the following three questions in the CHNS questionnaire to
determine retirement: 1) “do you currently have a job?” (0 = Yes,
1 = No), 2) “why are you not employed?” (1 = currently searching for
jobs, 2 = doing housework, 3 = disabled, 4 = student, 5 = retired,
6 = too young to work, 7 = other reasons, 8 = don't know), and 3)
“when did you retire?” (open response). We defined people as retired if
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financial support for the CHNS data collection and analysis files from 1989 to
2006. We also thank the China-Japan Friendship Hospital and the Chinese
Ministry of Health for support for the CHNS 2009 and later surveys.
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they fulfilled the following three conditions: 1) self-reported that they
had retired (as per questions 1 and 2 in the previous sentence); 2) had
been working, had never quit the labor force before retirement, and had
not worked after retirement (because we conceptualize “retirement” as
a change from working to non-working status); and 3) were older than
40 years (because people who “retire” very early are likely to have
stopped working for reasons other than normal age-related retirement).

Sample selection criteria

We applied the following selection criteria to this dataset: 1) we
eliminated duplicate records, 2) we kept those individuals who retired
after age 40 and who had never quit the labor force before retirement,
and 3) we removed people who answered don't know or had missing
data on stress outcomes. The final sample consisted of 5990 individuals,
of whom 3159 were men and 2831 were women.

Outcome variables

The CHNS used the PSS-14 to assess the degree to which people
perceived their lives as stressful (Cohen, Kamarck, & Mermelstein,
1983). PSS-14 is a well-established scale (Cohen et al., 1983) and has
been validated in China (Leung, Lam, & Chan, 2010). Specifically, PSS-
14 includes 14 questions such as “did you feel nervous and stressed in
the past month?” and “did you feel upset if unexpected events hap-
pened in the past month?” to measure stress (the PSS-14 questionnaire
is shown in S1 Questionnaire). All of the questions are measured on a
scale with the ordered categories of 0 = “never”, 1 = “almost never”,
2 = “sometimes”, 3 = “fairly often”, and 4 = “very often”. We then
calculated the total perceived stress score according to the standard
PSS-14 methodology (Cohen et al., 1983). We obtained the total scores
by reversing the scores on the seven positive items (i.e., items 4, 5, 6, 7,
9, 10, and 13) —e.g, 0=4,1 =3, 2 =2, etc. —, and then summing
across all 14 items.

The regression discontinuity design

RDD is a good analytical design for our study because an arbitrary
threshold (the statutory retirement age) in a continuous assignment
variable (age) increases the probability of exposure (retirement). RDD
estimates the causal effect of retirement without active randomization
by exploiting that people with an age just above and just below the
statutory retirement age threshold are likely exchangeable with each
other, except for the probability of being retired. We were thus able to
estimate the causal effect of retirement on stress by comparing in-
dividuals just above and just below the statutory retirement threshold
in their stress levels.

To do so, we adopted a so-called fuzzy RDD. Like an instrumental
variable estimation, fuzzy RDD generates the complier average causal
effect of retirement on stress, i.e., the effect of retirement itself on those
who retire according to the age threshold in China's statutory retire-
ment policy. In fact, fuzzy RDD can be thought of as an instrumental
variable estimation, where the instrument is an indicator variable
identifying whether an individual is younger or older than the statutory
retirement age. Fuzzy RDD estimates the causal effect of retirement on
stress under the following assumptions (Barnighausen et al., 2017;
Imbens & Lemieux, 2008). First, in order to yield valid causal effects,
the probability of retirement must be discontinuous at the thresholds.
Fig. 2 shows significant jumps in the probabilities of being retired at the
statutory retirement age thresholds. We see a clear discontinuity at age
50 for female employees who retire at age 50 according to the formal
retirement rule. Though the statutory retirement age for female civil
servants is 55, we did not see a clear discontinuity in retirement
probability for women at age 55 (Fig. 2). Because female civil servants
are a relatively small group (Zhang et al., 2018), and we have little
information on the type of occupation due to missing data, we used age
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50 as the threshold of RDD for all women. This proxy is consistent with
another study on the effect of retirement on healthcare utilization in
China (Zhang et al., 2018).

Second, fuzzy RDD assumes that the potential outcomes would be
continuous without retirement (Moscoe, Bor, & Béarnighausen, 2015).
We used visual assessment of a histogram of age around the retirement
threshold to test for manipulation of the assignment variable, which
could lead to a violation of this continuity assumption, i.e., some re-
spondents reporting a false age in order to change their eligibility status
for retirement. In general, such manipulation was only a minor concern
in our study because the CHNS was not used to decide on eligibility for
retirement. Indeed, there is no visual evidence of such manipulation
(Fig. 3). We also used a formal statistical test of manipulation, the
McCrary test (Fig. S2) (McCrary, 2008). In addition, we tested whether
observed covariates were continuous near the threshold following Lee,
Moretti and Butler (Lee, Moretti, & Butler, 2004) and Imbens and Le-
mieux (Imbens & Lemieux, 2008) by using observed covariates as
outcomes and age as assignment variable (Table S1). We show the
details of these tests in the results section.

Statistical analysis

Following Lee and Lemieux (2010), we estimated the effect of re-
tirement using local linear regression. We chose a non-parametric in-
stead of a parametric approach, because the former can reduce poten-
tial bias by avoiding the assumption of particular functional form for
the assignment variable (Imbens & Lemieux, 2008; Lee & Lemieux,
2010). In practice, we estimated the effect of retirement using regres-
sions over the observations within a small bandwidth on either side of
the statutory retirement age threshold, which is equivalent to using the
following two-stage regression equation (Lee & Lemieux, 2010).

First-stage equation:

Retire; = ay + oqAbove; + oo f (Age;) + azAbove;f (Age;) + Xix + v;
Second-stage equation:
Y =4, + ﬁlRefirei + B,f (Age;) + B;Abovef (Age;) + Xip + &

where Retire;, the treatment variable, is whether individual i retires in
2015 and Y, is a measure of individual i ’s stress, the outcome variable.
Above; is an indicator variable equal to 1 for individuals that are older
than the statutory retirement age. f(Age;) is a polynomial for age.
Refire; represents the fitted values from the estimates of the first-stage
equation. X; is a vector of covariates (an individual's demographic and
social characteristics) that are likely associated with stress.

In the primary analysis, we fitted local linear regression — treating
the outcome variables as continuous — without covariates within an
optimal bandwidth. We determined the bandwidth around the statutory
retirement age threshold using the fully data-driven algorithm devel-
oped by Imbens and Kalyanaraman (Imbens & Kalyanaraman, 2012).
Determining the bandwidth with a pre-determined algorithm rules out
manipulation and biases due to arbitrary bandwidth choices. The
choice of bandwidth is important since estimates using a smaller
bandwidth will have lower bias but higher variance, while estimates
using a larger bandwidth will have higher bias but lower variance. The
algorithm developed by Imbens and Kalyanaraman identifies the
bandwidth that optimizes the trade-off between bias and variance in the
regression discontinuity estimation. The optimal bandwidth was 6
years, which we used in our baseline analysis. This bandwidth is
comparable to previous studies exploring the effect of retirement on
other outcomes using RDD. For example, Eibich used a bandwidth of 10
years for the main analyses and 5 years for robustness checks (Eibich,
2015). Other studies (Moreau & Stancanelli, 2015; Stancanelli & Van
Soest, 2012) also used a bandwidth of 10 years. In secondary analyses,
we conducted several robustness checks using different bandwidths, a
quadratic term for age, and standard errors clustered by age (Calonico,
Cattaneo, Farrell, & Titiunik, 2017; Calonico, Cattaneo, & Titiunik,
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Table 1
Sample characteristics.

Variable Mean (SD) or N (%)
Full Sample  Sample Sample below  Sample above
(N = 5990) within threshold threshold
optimal within within
bandwidth optimal optimal
(N = 1789) bandwidth bandwidth
(N = 768) (N =1021)
Outcome variables
Stress 22.13 22.03 22.04 22.02
(6.28) (6.33) (6.42) (6.25)
Log(stress) 2.04 3.04 3.04 3.04
(0.36) (0.36) (0.37) (0.36)
Treatment variable
Retirement 0.39 0.42 0.13 0.65
(0.49) (0.49) (0.33) (0.48)
Control variables
Age in years 52.83 55.62 51.95 58.37
(14.42) (6.26) (5.44) (5.36)
Share men 3159 979 409 570
(52.74%) (54.72%) (53.26%) (55.83%)
Share high 2935 832 367 465
education (53.26%) (49.88%) (50.76%) (49.21%)
Share urban 3148 940 361 579
(57.75%) (57.32%) (52.17%) (61.08%)
Other variables
Income 40457.43 35696.04 39238.62 33110.10
(91297.59) (55710.15) (72138.37) (39477.66)
Marital Status
Unmarried 238 6 4 2
(3.98%) (0.34%) (0.52%) (0.20%)
Married 5313 1701 740 961
(88.79%) (95.08%) (96.35%) (94.12%)
Divorced 84 32 14 18
(1.40%) (1.79%) (1.82%) (1.76%)
Widowed 328 45 9 36
(5.48%) (2.52%) (1.17%) (3.53%)
Separated 8 1 0 1
(0.13%) (0.06%) (0%) (0.10%)
Don't know 13 4 1 3
(0.22%) (0.22%) (0.13%) (0.29%)

2014a, b; Lee & Card, 2008). In addition, we adjusted for gender,
educational attainment and rural vs. urban residence in secondary
analyses. Adjusting for additional covariates can help eliminate small
sample biases in the specification and improve the precision of the RDD
estimate (Imbens & Lemieux, 2008; Lee & Lemieux, 2010). Education
level was categorized as low (highest degree achieved includes ele-
mentary school, middle school, and high school), or high (highest de-
gree achieved includes vocational school, “two-/three-year college/as-
sociate degree”, “four-year college/bachelor degree”, master degree, or
doctoral degree). We did not include other covariates, such as house-
hold wealth and marital status, because they may lie on the causal
pathway between retirement and stress (Stancanelli, 2013) and their
inclusion would thus bias our effect estimation.

Results
Summary characteristics

Table 1 shows the sample characteristics. In the full sample, 53% of
all participants were men and 58% were urban residents. The prob-
ability of retirement for individuals below and above the retirement age
threshold was 13% and 65%, respectively. To better interpret the stress
scores, we show the distributions of both the total perceived stress score
and its log transformation (Fig. 1). In our sample, the stress score
ranged from O to 52, with a mean of 22, a median of 24, and an in-
terquartile range of 9. After log transformation, the stress score ranged
from 0 to 3.95, with a mean of 3.04, a median of 3.18, and an
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interquartile range of 0.4. The solid red and green lines in Fig. 1 re-
present, respectively, the mean and median of the stress scores in the
sample. Other labeled numbers represent the minimum, 25% percen-
tile, 75% percentile, and maximum values.

Table 1 shows the stress outcomes, retirement status, and other
demographic and socioeconomic factors, for the overall sample and for
the within-bandwidth samples (2015 wave, CHNS). Stress is the total
perceived stress score calculated according to the methodology of PSS-
14, log (stress) is the log transformation of the total perceived stress
score. Income is in 2015 Renminbi (RMB). The sample size for educa-
tion, urban residence, income, and marital status varied slightly due to
missing values. The regression discontinuity bandwidth for our baseline
analysis was 54-66 years of age for men and 44-56 years of age for
women.

Discontinuity in retirement probability

As is shown in Fig. 2, there are significant discontinuities in re-
tirement probability at the 60-year threshold for men and at the 50-year
threshold for women. Using age 60 as the threshold for men and age 50
as the threshold for women, our formal statistical test shows that stat-
utory retirement policy increased the probability of retirement by 22%
(95% confidence interval (CI): 13%-32%, p-value < 0.001) for all
participants, 29% (95% CI: 16%—-43%, p-value < 0.001) for men, and
20% (95% CI: 9%-31%, p-value < 0.001) for women (see S2 Appendix
Table S2).

The grey areas in Fig. 2 represent the 95% confidence intervals. Red
points and blue points represent the probability of being retired for
women and men, respectively. The solid lines at 50 and 60 years of age
in both Figs. 2 and 3 represent, respectively, the statutory retirement
age for women and men in China. Our sample size was 5990.

The continuity of potential outcomes

Fig. 3 shows the distribution of age. It allows us to visually test for
manipulation of the assignment variable at the threshold. The red solid
line represents the statutory retirement age threshold. We found no
visual evidence of substantial bunching around the cutoff, which would
have been suggestive of manipulation. Based on the formal test devel-
oped by McCrary (McCrary, 2008), we also failed to reject the null
hypothesis of a smooth density across the threshold, providing further
support against manipulation of the assignment variable (see S2 Ap-
pendix Fig. S2).

We further tested whether control variables were continuous near
the threshold following the methods of Lee et al. (Lee et al., 2004) and
Imbens and Lemieux (Imbens & Lemieux, 2008), using the control
variables as outcomes and age as assignment variable. We found no
significant “jumps” of these variables at the threshold, indicating that
all covariates were continuous near the threshold (see S2 Appendix
Table S1). These tests strengthen our belief in the validity of the key
assumption for regression discontinuity, the continuity of potential
outcomes assumption.

Causal effect estimates

Table 2 shows the causal effect of retirement on stress. We also
present the ordinary least squares (OLS) estimates to show the asso-
ciation between retirement and stress for comparison. While retirement
and stress are strongly correlated, we found that the causal effects of
retirement on stress were close to the null value and insignificant. These
results remained robust after we controlled for covariates and used a
quadratic polynomial in age. Thus, we were unable to reject the null
hypothesis that retirement, on average, had no effect on stress.

Each cell in the table represents the coefficient from a separate re-
gression with 95% confidence intervals in parentheses. In all regres-
sions, we used a triangular kernel function that gives more weight to
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Fig. 1. Histogram of perceived stress score.
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observations closer to the threshold. The models in columns (1) and (2)
show the associations between retirement and stress and log (stress),
using OLS regressions. We used the full sample of 5990 individuals in
these regressions and controlled for age, gender, education, urban re-
sidence, and income. The models in columns (3) to (6) provide esti-
mates of the causal effect of retirement on stress. In these regressions,
we used the sample within the optimal bandwidth (1789). The models
in columns (3) and (4) do not include covariates. The models in col-
umns (5) and (6) additionally include gender, education, and urban
residence as covariates.

Robustness checks

We tested the robustness of the causal relationship by examining the

significance and magnitude of coefficients over multiple age band-
widths of the statutory retirement age threshold. In addition to the
optimal bandwidth, we also present results using bandwidths ranging
from 3 to 10 years. To better map the relationship between the choice of
bandwidth and estimated effect, we plotted the effect size against the
bandwidth size. Our results showed that while the coefficients fluc-
tuated as the sample size changed, all coefficients were broadly con-
sistent with our baseline estimates (see S2 Appendix Figs. S2-S3). Si-
milarly, our results remained essentially the same when we used
quadratic terms for age (see S2 Appendix Table S3), and when we ad-
justed for clustering of standard errors by age (see S2 Appendix
Table S4).

Heterogeneity of treatment effects across groups

Next, we explored whether results differed among gender and
education subgroups. Our results show that retirement reduced stress in
people with low educational attainment and in men, while it raised
stress in people with high educational attainment and in women.
However, all causal effects of retirement on stress were insignificant in
these subgroup analyses (see S2 Appendix Table S5). Since we found
different effect size magnitudes for men and women, we added Table 3
to present these results. The average effect size estimate in the entire
population was — 0.82. The effect size estimate was —4.84 for men and
7.07 for women.

Each cell in Table 3 represents the coefficient from a separate re-
gression with 95% confidence intervals in parentheses. In all regres-
sions, we used a triangular kernel function that gives more weight to
observations closer to the threshold. The regression discontinuity
bandwidth was 54-66 years of age for men and 44-56 years of age for
women. The models in columns (2) and (3) do not include covariates.
The models in columns (4) and (5) include education and urban re-
sidence as covariates.

Further robustness tests by gender subgroup showed that the effect
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Fig. 3. Density of sample age distribution.

size was negative and small for men while it was positive and large for
women across all bandwidth choices from 3 years to 10 years (Fig. S4
and Fig. S5). The effect estimates became significant for some band-
width choices when the standard errors were clustered by age (Fig. S6
and Fig. S7). This suggests that retirement may have different effects on
stress in men and women. Further analyses are needed to test this
gender heterogeneity in stress effects in larger samples.

Discussion

On average, retirement did not affect stress in older adults in China.
While the confidence intervals in our RDD were relatively wide, the
point estimates were close to zero for all model specifications and RDD
bandwidths. Subgroup analyses, however, revealed substantial gender
heterogeneity in the retirement effects on stress. Retirement reduced
perceived stress levels in Chinese men but raised perceived stress levels
in Chinese women, and these effects were significant in some sensitivity
analyses. Thus, the overall null effect of retirement on stress in the
entire population appears to hide opposite gender-specific effects.
Further analyses are needed to test whether the gender heterogeneity of
retirement effects persists in larger samples.

Our study contributes to the broader literature that has explored the
causal effects of retirement on mental health. Previous studies in China
have found mixed evidence. Some studies showed that retirement can
improve cognitive functioning (Deng & He, 2016; Lei & Liu, 2018), and
reduce depressive symptoms (Deng & He, 2016) in men. Another study
indicated that retirement can negatively affect mental health and lead
to depression (Li, 2017). Yet, other studies found that retirement has no
effect on mental health and life satisfaction (Zhang et al., 2018). One
potential reason for these divergent findings across studies is the

Table 2
Relationships between retirement and stress — associations and causal effects.

measurement of mental health. For example, both Li (2017) and Zhang
et al. (2018) used the China Health and Retirement Longitudinal Study
as data source and non-parametric RDD as method to estimate the ef-
fects of retirement on emotions. They find conflicting results. Zhang
et al. (2018) used the total score on a measurement scale ranging from 8
to 32, which is based on 8 questions about negative feelings last week.
In contrast, Li (2017) used the total score on a measurement scale
ranging from 10 to 40, which is based on 10 questions about the fre-
quency of negative feelings in the past 10 weeks. Our study was the first
to estimate the effect of retirement on stress in China, using a validated
perceived stress scale.

Several mechanisms could explain our results. First, retirement can
directly reduce work-related stress, leading to general stress reduction.
Though we could not directly test this mechanism, our results showing
that stress reduction is more likely in workers with low educational
attainment than in workers with high educational attainment indirectly
supports this argument. Workers with low educational attainment are
more likely to work in physically demanding jobs, which may cause
more work-related stress than the jobs that workers with high educa-
tional attainment are typically employed in. Second, retirement may
induce changes in social interactions. For example, before retirement
people spend more time at work, where they interact with coworkers.
In contrast, after retirement they spend more time at home with their
partners. This change in social interactions may either increase or de-
crease the stress level in older adults and the effects may differ by
gender.

Our results have several policy implications. First, a possible ex-
planation for the different findings in men and women are the gender-
specific statutory retirement ages. Currently, the retirement age in
China is among the earliest in the world, especially for women — who

(2) Association between
retirement and log(stress)

(1) Association between
retirement and stress

(3) Causal effect of
retirement on stress

(6) Causal effect of
retirement on log(stress)

(4) Causal effect of (5) Causal effect of
retirement on log(stress) retirement on stress

Coefficient -1.15 —0.05 —0.82
(95% CI) (—1.70 to —0.59) (—0.08 to —0.02) (—7.32 to 5.68)
P value < 0.001 0.003 0.804

Covariates Yes Yes No

0.04 -1.16 0.005

(—0.34 to 0.42) (—6.97 to 4.65) (—0.34 to 0.35)
0.826 0.696 0.979

No Yes Yes
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Table 3
The causal effects of retirement on stress by gender.
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Men

Women

Causal effect of retirement on stress

Causal effect of retirement on log(stress) Causal effect of retirement on stress

Causal effect of retirement on log(stress)

Coefficient —4.84 —-3.98 —-0.24 -0.21 7.07 4.44 0.59 0.45

(95% CI) (—11.70 to 2.02) (—11.06 to 3.09) (—0.62to 0.13) (—0.60 to 0.19) (—4.74t018.88) (—7.18t016.05) (—0.18 to 1.36) (-0.33 to 1.22)
P value 0.167 0.270 0.206 0.302 0.241 0.454 0.132 0.260
Covariates No Yes No Yes No Yes No Yes

typically retire at age 50. For men, our findings indicate that retirement
is less stressful than work. The opposite appears to be true for women.
The role transition from worker to retiree at an age as early as 50 may
threaten women's identities as economic contributors to their families
and to society and consequently decrease their subjective self-worth. As
the Chinese population is rapidly aging, the Chinese government has
started to raise the retirement age. Our findings suggest that this policy
change will benefit women in other than purely economic ways.

Second, policy makers should also consider harnessing the effect of
retirement on stress in men. According to our findings, retired men will
regain wellbeing and energy, which they could use to take on new re-
sponsibilities for the greater social good. For instance, retired men in
China might welcome increased opportunities to volunteer for public
service.

Third, policies raising the retirement age for men should be ac-
companied by interventions to reduce the stress that—according to our
findings—such a policy change will cause. Such interventions may in-
clude a more flexible and friendly working environment, opportunities
to share concerns with others, and targeted psychological support for
older men who work.

Our study has several limitations. First, a general limitation of the
RDD is that while its internal validity is strong, its external validity can
be limited because it estimates effect sizes based on a sample that is
restricted to those close to a policy threshold, such as the statutory
retirement age. Our findings may thus not generalize well to individuals
who retire at substantially younger or older ages. However, our RDD
results are highly useful for the policy decision whether to in-
crementally increase or decrease the statutory retirement age. Second,
our confidence intervals were fairly wide and both our overall popu-
lation and gender-specific results need to be confirmed in larger data-
sets. Third, we used self-reports rather than biological markers to
measure stress. Future research should replicate our analyses using
biological markers of stress, such as cortisol levels. Lastly, due to lim-
ited data on occupation, we were unable to determine who in our
sample was a civil servant and who was not. This distinction is im-
portant because the statutory retirement age is more strictly enforced
among civil servants in China. Subgroup analyses of this group could
thus have further strengthened our conclusions.

The effect of retirement on stress should inform policy debates on
changes to the retirement age. Simple multivariable regression analyses
cannot validly answer this important research question because of re-
verse-causality and confounding problems. Given that the statutory
retirement age is an arbitrary binary cutoff in the continuous variable
age, this research question lends itself to RDD, which can identify
causal effects. However, RDD requires large sample sizes because it
effectively restricts the sample to individuals who retired at an age close
to the statutory retirement age. Nonetheless, this study suggests that the
overall null effect of retirement on stress hides large and opposite ef-
fects in men and women. Raising the retirement age in China may in-
crease stress in Chinese men but decrease stress in women.
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