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Abstract

An increasing number of studies are analyzing the effect of retirement on health. When
analyzing the effect of retirement against work activity, these studies do not distinguish
between part-time and full-time work activity. We study how the amount of work hours
affects the health conditions in old age. To avoid the potential bias that deteriorating health
can cause employees to work fewer hours, retirement eligibility ages are used as instruments
for part-time or full-time work decisions. We find that self-perceived health, self-rated
memory and body mass index respond to working part-time much more than they respond
to working full-time. This suggests that the effect of the number of hours worked on health
in old age is not linear.

JEL classification: 112, J14, J21, J26
Keywords: Ageing, retirement, part-time work, health

1 Introduction

Labor force participation rates of older workers is increasing in the United States, as in many
other industrialized countries, due to population aging. According to the Bureau of Labor
Statistics, between 2010 and 2020, labor force participation rates of the workers between the ages
of 25 and 54 will decrease by 0.9 percentage points, while those of the workers aged 55 and over
will increase by 2.8 percentage points. Furthermore, today older workers spend more years in the
labor market due to the increase in the full retirement age that will reach 67 by 2027. Working
in old age might affect health conditions that already tend to deteriorate throughout old age.
Therefore, a growing body of literature is analyzing the effects of retirement on the physical and
mental health conditions of older people. The main methodological difficulty in these studies is
the identification of the effect of retirement on health outcomes, due to potential endogeneity:
changes in health status or expectations may affect retirement behaviour. Studies usually
address the endogeneity of the retirement decision using an instrumental variables approach.
Typical instruments used are eligibility ages for retirement benefits that cause discontinuous
changes in the probability of retirement. The main findings of this literature are the following.
Coe and Zamarro (2011) and Insler (2014) find that retirement has a positive effect on overall
health based on self-perceived health or a summary index of objective health measures in Europe
and the United States, respectively. Eibich (2015) finds that retirement has a positive effect on
self-perceived physical and mental health in Germany. Chung et al. (2009) find that retirement
leads to modest weight gain in the United States, and Godard (2016) finds that retirement



increases the probability of being obese among men in Europe. Rohwedder and Willis (2010)
and Bonsang et al. (2012) find that retirement has a negative effect on cognitive functioning in
the United States. Mazzonna and Peracchi (2012, 2016) find that retirement leads to accelerated
decline in cognitive abilities, but there is substantial heterogeneity across occupational groups
in Europe. Coe and Zamarro (2011) find that retirement has no effect on depression or cognitive
ability in Europe. Charles (2004) finds that those who are retired feel less depressed or lonely
in the United States. Biré (2016) finds that retirement increases outpatient care in the United
States and in Europe. Hallberg et al. (2015) find that the opportunity to retire early decreased
the number of days in inpatient care and reduced mortality among military personnel in Sweden.
All of these studies compare the health outcomes of those who are fully retired to the health
outcomes of those who are working any positive number of hours, not distinguishing part-time
from full-time work.

Few studies have analyzed how the actual number of hours worked influences the health
conditions of those who still work. Vaus et al. (2007) find that people who made a gradual
transition to retirement by decreasing work commitment over time report better overall health
compared to people who made an abrupt transition into retirement in Australia. Forbes et al.
(2015) find that people who work part-time later in life report better mental health compared
to people who are retired in Australia. Dave et al. (2008) find that people who are partially
retired have better physical and mental health outcomes than people who are fully retired, but
both groups are worse off compared to those who work full-time in the United States. On the
contrary, Neuman (2008) finds that not only retirement, but also a reduction in the number of
hours worked (from full-time to less than full-time) preserves the general or physical health in
the United States. As in the literature analysing the effect of retirement on health outcomes, the
main methodological difficulty in these studies is the identification of the effect of working part-
time on health outcomes, due to potential endogeneity: changes in health status may induce
employees to work part-time, rather than working full-time or retiring. Vaus et al. (2007) and
Forbes et al. (2015) do not address the endogeneity of the part-time work decision. The latter
two studies have taken different approaches to tackle the potential endogeneity problem. Dave
et al. (2008) select individuals who had no major illnesses or health problems in the survey years
prior to (partial) retirement and did not report worsening of health between adjacent survey
years prior to (partial) retirement. This identification strategy does not exclude the possibility
that individuals make use of health care services prior to (partial) retirement or in (partial)
retirement. Furthermore, the study excludes individuals who work part-time, and therefore the
estimated effects are prone to selection bias. Neuman (2008) uses retirement eligibility ages as
instruments for the number of hours worked. This is similar to the approach we adopt in this
study. The main difference is that we consider part-time work: Neuman sees those who work
less than 1200 hours per year (or three days a week for 50 weeks a year) as retired, implicitly
assuming that partial retirement and full retirement are equivalent.

We study whether older employees who work part-time or full-time have better or worse
physical and mental health outcomes than those who are fully retired. We take an instrumental
variable approach, using the retirement eligibility ages of the respondent and the partner as the
instruments of working part-time or full-time. Employing panel data, we also allow for fixed
effects, to eliminate the time-invariant factors that are potentially correlated with the number
of hours worked. The data come from the Health and Retirement Study (HRS), which includes
a rich set of demographic and labor market variables and various health indicators for the same
individuals over time. To measure mental health, we use self-rated memory, a test of word
recall, and a depression score. To measure physical health, we use self-perceived health, but
also derive a health index by predicting self-perceived health from a set of objective measures
of physical health. We also use the body mass index as an indicator of overweight.



We find that part-time or full-time work lowers overall health and memory skills, but leads
to a lower body mass index than full-time retirement. These effects are sizable in magnitude. In
general, health conditions respond much more to working part-time than to working full-time.
This suggests that the effect of the number of hours worked on health is not linear. This is
most pronounced for the body mass index among women, consistent with the findings of Au
and Hollingsworth (2011).

This paper proceeds as follows. Section 2 discusses the empirical model. Section 3 describes
the data and the health and work effort indicators. Section 5 presents the results and robustness
checks. Section 6 concludes.

2 Empirical approach

2.1 Controlling for heterogeneity

Our aim is to determine the effects of working part-time and full-time on health. The first
attempt could be to estimate the parameter of interest by ordinary least squares in the following
equation:

Yit = a+ f(Sit) + DitB + wit. (2.1)
Y;: is a measure of health, for example the self-perceived health or body mass index. Sj is the
age of the individual. f(S;) is a flexible and continuous polynomial in age that controls for
changes in the health outcome with age. Dy is a vector of two dummy variables which indicate
part-time and full-time work status. In particular, it includes D{, which indicates part-time
work if j = p, and full-time work if j = f. The base work status is retirement. The parameter
of interest is the vector B, which measures the responses of the health outcome to working
part-time and full-time compared to retirement.

OLS on Equation (2.1) leads to a consistent estimator for 3 only if D; is not correlated with
the error term wu;;. One reason why this assumption may not be satisfied is that individuals
might differ from each other because of time-invariant idiosyncratic characteristics that are
correlated with the health outcome as well as the retirement behavior. We follow a fixed effects
approach to allow for this, augmenting Equation (2.1) as follows:

Yie = a+ f(Sit) + DitB + pi + vi. (2.2)

1; is a time-invariant individual specific unobserved variable and it is potentially correlated
with Dj; (and with S;;). The remaining error term v;; is assumed to be uncorrelated with the
control variables. The main parameters of interest, the effects of working part-time or full-time
on the health measure considered, are contained in the vector 3. Note that we assume through-
out that these ‘treatment effects’ are assumed to be homogeneous across the population. We
will relax this assumption somewhat by estimating the model for specific demographic groups:
gender, occupation type, education, and self-employment status. Moreover, Murtazashvilia and
Wooldridge (2008) have shown that under some additional assumptions the fixed effects instru-
mental variables estimator that we use remains consistent for the average treatment effect in the
model with heterogeneous treatment effects. Following the main studies on this topic referred
to above, however, we will not consider models with heterogeneous treatment effects.
Exploiting the panel structure of the data, p; is eliminated through the within group trans-
formation: B B B
Yit = f(Sit) + DB + Ui, (2.3)
where }N/}t represents Yj; — Y, etc. The assumption that v;; is uncorrelated with the control
variables (strict exogeneity) implies that OLS on Equation (2.2) (the standard within group
estimator for static linear panel data models with fixed effects) gives consistent estimates of 3.



2.2 Controlling for endogeneity

A potential problem in Equation (2.3) is that Dy, may be correlated with the unobserved
vit, making the fixed effects estimator for @ inconsistent. This might happen because, for
example, employees with a work-limiting health problem may opt for part-time work or full-
time retirement (reverse causation). For example, examining the causal effect of health on labor
market behavior, Gannon and Roberts (2011) find that people aged 50 and over with health
problems are more likely to work part-time or to retire completely than to work full-time in the
UK. Bound et al. (1999) show that poor health is often followed by labor force exit in the US.
Mols et al. (2012) show that most of the patients who are diagnosed with cancer switched to
part-time work or stopped working entirely in the Netherlands.

We follow an instrumental variables approach to address the problem of potential endo-
geneity of hours worked, exploiting discontinuities in the probabilities to work part-time and
full-time as a function of age at the eligibility ages, similar to Coe and Zamarro (2011). The
instrumental variables estimation consists of two stages. In the first-stage, we estimate two
equations explaining the dummies Dlj-t for part-time and full-time work:

D), = f(Sit) + I(Sit > 8)v + 1) + €. (2.4)

f(Si) is a flexible and continuous age polynomial. S is the vector of early and normal retirement
eligibility ages for social security benefits, and the vector I(S; > S) indicates whether the
individual is at least as old as each of these eligibility ages. 4/ measures the discontinuities
in the probabilities of working part-time or full-time at the eligibility ages S. Hence, this
is essentially a regression discontinuity approach (Lee and Lemieux, 2010) in a fixed effects
panel data model.! Since Dgt is a binary indicator, Equation (2.4) is a linear probability model.
The fixed effects nf are time-invariant, individual-specific unobserved variables, and they are
potentially correlated with age. Exploiting the panel structure of the data, 771]" are eliminated
through the within group transformation:

D), = f(Su) + I(Si > S)y’ +&,. (2.5)

The predicted values from the first-stage are used to estimate the main Equation (2.3) in the
second stage:

Yie = f(Sit) + Bz‘t,@ + Vg (2.6)

~

D;; represents the within group transformed part-time and full-time work probabilities predicted
from Equation (2.5).

To be valid instruments, retirement eligibility ages are required to be relevant predictors of
the part-time and full-time work decisions, and exogenous to the respondent’s health status.
In addition, since the model includes two endogenous variables, to separately identify their
causal effects, the instruments should offer independent sources of exogenous variation for each
endogenous regressor. Otherwise the endogenous variables will be weakly identified (Angrist
and Pischke, 2009, pp. 217-218).

It is well documented that the retirement ages are strong predictors of the retirement de-
cision, and we will also check below that this is the case in our sample. It also seems quite
plausible to assume that health status does not change discontinuously at the institutionally
determined eligibility ages. Moreover, we will argue that the effects of the instruments on the

! In our baseline model, however, we supplement the retirement eligibility ages of the respondent with those of
the partner while we do not allow for a continuous age polynomial for the partner. Hence, our baseline model
does not follow a regression discontinuity design in the age of the partner.



part-time and full-time work probabilities are fairly heterogenous, and we will also conduct a
formal hypothesis test to verify that neither of the two endogenous regressors is weakly iden-
tified. If the selected instruments are indeed valid, the causal effect of working part-time or
full-time on health status, measured by (3, is consistently estimated using least squares on equa-
tion (2.6). The complete two-stage estimation procedure corresponds to the two-stage least
squares estimation.

3 Data

The data are taken from the Health and Retirement Study (HRS). HRS is a nationally represen-
tative panel study and surveys more than 22,000 Americans over the age of 50 every two years,
along with their spouses or partners. The survey was launched in 1992 and collects information
on, among other things, income, work, pension plans, physical health, cognitive functioning,
and health care expenditures. We use 11 waves of the survey covering the period from 1992 to
2012, where data are available for most of our dependent variables.

The following sample restrictions are imposed. First, we dropped respondents who reported
they never worked, or who said they worked, but with a tenure of less than five years on all
jobs, or if this information was missing altogether in any given survey year. Second, we dropped
respondents who reported their last job ended before the age of 50 in all survey years, or who
reported this in given survey years and this information was missing in other survey years, or if
this information was missing in all survey years. Third, we dropped respondents who reported
to be working, unemployed, disabled, or not in the labor force, after reporting retirement in
a previous survey year, so that retirement is an absorbing state. Fourth, we dropped the
observations of respondents if they were unemployed, disabled or not in the labor force in a
given survey year. The reason for this restriction will be explained in Section 3.2. Finally, we
dropped the observations of respondents if they were younger than 50 years old or older than
75 years old in a given survey year. These sample restrictions lead to an unbalanced panel of
84,979 observations for 19,384 individuals (based on the information available on employment
status).

3.1 Measuring health

Self-perceived health

Self-perceived health is the self-perceived general health status. It is based on the question
“Would you say your health is excellent, very good, good, fair, or poor?” The values of the
variable thus range from 1 (excellent) to 5 (poor). Self-assessed health is a global index of
health that captures physical and mental health in one simple survey measure. Analyzing self-
perceived health, however, may lead to biased conclusions about the effect of hours worked
on health, since respondents may report an inferior health status to justify their labor market
status (Bound, 1991). We therefore also consider several alternative indicators of mental and
physical health, exploiting the rich health information in the HRS.

Body mass index

We consider the body mass index (BMI) and also construct indexes of overweight and obesity
based on the BMI. BMI is given by the weight (in kilograms) divided by the square of height
of the respondent (in meters). Following the existing literature, overweight is defined as a BMI
greater than 25 and less than or equal to 30; obesity is defined as a BMI greater than 30.



Self-rated memory and word recall score

We use self-rated memory as a subjective, and word recall as an objective measure of cognitive
ability. Self-rated memory is based on the question “How would you rate your memory at the
present time? Would you say it is excellent, very good, good, fair, or poor?” and hence ranges
from 1 (excellent) to 5 (poor). Word recall is measured as follows. Respondents are presented
with a list of 10 words to memorize. They are then asked immediately to recall as many words
as possible from the list in any order. After asking other survey questions for about five minutes,
they are asked for a second time to recall as many words as possible from the same list. Each
immediate or delayed recall of a word is counted, giving a memory score ranging from 0 to 20.

Depression score

We use the depression indicator developed by the Center for Epidemiologic Studies (CESD
score). The indicator is created by summing binary indicators of whether the respondent ex-
perienced the following sentiments all or most of the time: depression, everything is an effort,
sleep is restless, felt alone, felt sad, could not get going, did not feel happy, and did not enjoy
life. This results in a depression indicator that ranges from 0 to 8.

Health index

Following Coe and Zamarro (2011), we create an objective health index by predicting self-
perceived health from objective physical and mental health measures. In particular, we estimate
the following equation:

Hit =+ th,B + Qsl + Eit- (31)

Hj; is the self-perceived health status. ¢; is a time-invariant individual specific unobserved error
that is potentially correlated with the control variables. L;; is a vector of objective measures of
health including the number of limitations in the activities of daily living (ADL), the number of
limitations in the instrumental activities of daily living (IADL), the number of chronic diseases,
a summary index of mobility, whether the respondent reports any overnight hospital stay within
the last two years, overweight and obesity dummies, the scores of the word recall test discussed
above, the score on a subtraction test for numerical skills, and the CESD score for depression.?

Equation (3.1) represents a fixed effects model. After the within group transformation,
the predictions of the model, i.e., the estimates of H;;, creates a health stock variable that is
less prone to reporting bias, as it aggregates objective measures of health, and at the same
time reflects one’s overall well-being, as measured by the self-assessed health status (Coe and
Zamarro, 2011). The estimation results for this equation are presented in Table 1. A positive
coefficient indicates that an increase in the particular health indicator leads to a self-report of
worse health. Most of the coefficients are significant and their signs are plausible. Onsets of
physical health problems are associated with reporting poorer health, and increasing depression
symptoms (higher CESD score) also increase the odds of reporting poor health. A higher score

2 ADL includes problems with bathing, dressing, eating, getting in/out of bed, and walking across a room.
TADL includes problems with using the phone, managing money, taking medications, shopping for groceries, and
preparing hot meals. Both variables take values from 0 (no problems) to 5 (many problems). The number of
chronic diseases is a count of the diseases the respondent had according to a doctor. The diseases include high
blood pressure, diabetes, cancer, lung disease, heart problems, stroke, psychiatric problems, and arthritis. The
variable takes values from 0 (none of the conditions) to 8 (all conditions). The mobility index indicates problems
with walking one block, walking several blocks, walking across a room, climbing one flight of stairs, and climbing
several flights of stairs. The variable takes values from 0 to 5. Serial 7’s subtraction test asks the respondents
to subtract 7 from 100 and continue subtracting 7 from each subsequent number for a total of five trials. Each
correct subtraction is counted, yielding a score from 0 to 5.



on word recall is associated with reporting better health. On the other hand, the subtraction
test result is not related to self-assessed health. Becoming obese leads to a significantly poorer
self-assessment of health, while becoming overweight has a smaller and less significant effect, as
we would expect.



Table 1: Results for FE model explaining self-perceived health

Self-perceived health

Coef SE

Number of ADL limitations 0.047°  0.010
Number of TADL limitations 0.038"  0.013
Number of mobility limitations 0.110"  0.005
Number of difficulties in muscle use  0.075" 0.004
Number of chronic diseases 0.182""" 0.005
Hospital stay 0.005"  0.001
Overweight 0.025" 0.013
Obese 0.100"  0.018
Word recall test —0.005""  0.001
Subtraction test —0.003 0.003
Depression 0.049™"  0.003
Constant 2.100""* 0.023
F test for overall significance 0.000

R-squared 0.124

N obs. 64304

N ind. 17144

Notes: 1. Linear model with fixed effects. 2. Self-perceived health:
1 (Excellent), ..., 5 (poor). 3. Standard errors are robust to het-
eroskedasticity and clustering on panel groups. 4. =, ™, " indicate
statistical significance at the 0.01, 0.05, 0.10 levels, respectively. 5.
Presented for the F test is the p value. 6. R-squared reports the
within R-squared for fixed effects regression that measures the ex-

plained within group variation in the outcome variable.



3.2 Measuring work intensity

The aim of our analysis is to examine the effects of working part-time and full-time on health
around retirement age. In the HRS, part-time or full-time work can be defined in various ways.
Self-perceived work status, earnings, the number of hours worked per week or the number
of weeks worked per year are all possible indicators of work effort (see, e.g., Gustman and
Steinmeier, 2000b). We define full-time work as working 35 or more hours per week for 36 or
more weeks per year. As is common in US studies, we define part-time work as working less
than 35 hours a week, or as working 35 or more hours a week but less than 36 weeks a year.
We define full retirement as working 0 hours a week. The number of work hours includes the
hours in the main job as well as those in a possible second job. In the robustness analysis,
we check whether the baseline results are sensitive to alternative thresholds for the number of
hours worked per week.

Figure 1 presents the distributions of the numbers of hours worked per week and weeks
worked per year in the main job in all survey years. The figure shows that most of the respon-
dents are working 35 hours or more a week. Among those working less than 35 hours a week,
68.7 percent are working 20 hours or more a week. The vast majority is working 36 or more
weeks a year. In particular, among those working any number of hours, 74.1 percent are work-
ing 35 hours or more a week for 36 or more weeks a year, while 20.8 percent are working less
than 35 hours a week for 36 or more weeks a year. This suggests that the time spent working
part-time or full-time during a week is persistent over a year.

We define part-time work as working less than 35 hours a week, or as working more than
35 hours but less than 36 weeks a year. However, in the HRS, this amount of work effort can
correspond to two different labor force participation statuses: ‘working part-time’ as well as
‘partly retired’. That is, in the survey, the labor force status of a respondent can be determined
as ‘working part-time’ if he or she is working under 35 hours (based on the reported hours of
work) and does not mention retirement (based on the reported retirement status), while the
status of the respondent can be determined as ‘partly retired’ if he or she is working under
35 hours and mentions retirement. In the robustness analysis, we check whether the baseline
results are sensitive to these two different definitions of part-time status.

As explained above, we exclude the observations of respondents if they are disabled or out
of the labor force at the time of the survey; in these cases, respondents are not working, not
searching for a full-time or part-time job, and do not report to be in retirement. We also exclude
when respondents are unemployed. These individuals work 0 hours, but they are likely to be
more active than those who are retired, since they report to be searching for a full-time or
part-time job.
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Figure 1: Distributions of hours worked per week and weeks worked per year.
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3.3 Instruments

We use two sets of instruments for part-time and full-time work. The first set includes three
instruments indicating whether respondents are eligible for social security benefits. In particular,
the indicators define whether the individual is between the early and normal retirement age,
between the normal retirement age but younger than 70, or older than 70. The early and normal
retirement ages are presented in Table 2. The literature on the effect of retirement on health
shows that retirement ages are significant predictors of retirement behavior and are not likely to
explain individual health status directly (Charles, 2004; Rohwedder and Willis, 2010; Coe and
Zamarro, 2011; Bonsang et al., 2012; Mazzonna and Peracchi, 2012, 2016). Hence, as predictors
of hours of work, dummies for reaching these institutional retirement ages present themselves
as natural instruments. We also use an indicator for having reached the age of 70, when the
work decisions of individuals might change for two reasons. First, before the year 2000, social
security benefits were reduced for those who continued to work at the normal retirement age
through age 69 (earnings test). This means that some people might have preferred to return
to work or increase their work hours at the age of 70, when they no longer faced the earnings
test. Second, individuals are allowed to delay receiving their social security benefits at their
normal retirement age until the age of 70 and get compensated for this in the form of increased
benefits (in an approximately actuarially fair way). This may induce some people to delay their
retirement until they reach the age of 70.

Following Neuman (2008), we also consider a second set of instruments which consists of the
same three age indicators, but then for the married or unmarried partner. Whether the partner
is eligible for social security benefits may explain the retirement behavior of an individual,
whereas it has no direct effect on the health status of that individual. Indeed, Gustman and
Steinmeier (2000a) argue that an individual values retirement more once their spouse has retired.
Blau (1998) and Gustman and Steinmeier (2000a, 2004, 2014) provide empirical evidence that
couples coordinate their retirement timing. We discuss the robustness of our results to the
choice of the instruments in Section 5.3.

Neuman (2008) also uses other instruments which are indicators of whether the individual is
past the early or normal entitlement age of his or her private pension, or past the self-perceived
usual retirement age on the particular job. We could not adapt these instruments because there
are no observations available for those who are retired. Neuman could use these instruments
because he defines retirement as working less than 1,200 hours per year. Besides, HRS asks
whether respondents could reduce paid work hours in their regular work schedule. This variable
could be used as an instrument for part-time work, but again there are no observations available
for those who are retired.

Table 2 shows that people born in 1937 or earlier are subject to the normal retirement
age of 65, while younger cohorts are subject to a cohort-specific normal retirement age that
is scheduled to gradually increase to 67 by year 2027. In our sample, only 6.2 percent of the
respondents have faced a cohort-specific normal retirement age during the sample period. 10.2
percent have faced the normal retirement age of 65, while other respondents are still to face a
cohort-specific normal retirement age. This means that we lack a convincing source of variation
in the normal retirement age across birth cohorts that helps to identify the effects of part-time
and full-time work. However, our identification strategy mainly relies on the discontinuities at
the eligibility ages for social security benefits, and at age 70, and less on the variation in the
normal retirement age (see Section 2.2).

It is clear that many individuals will opt out of full-time work when they are eligible for social
security benefits. This means that early and normal retirement ages are relevant instruments
for the dummy variable defining full-time work in our model. Eligibility for social security
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benefits can also affect the part-time work decisions. Aaronson and French (2004) argue that
the financial incentives built in the social security system are likely to induce workers to reduce
work hours at the early and normal retirement ages in the United States, and they use the
retirement eligibility ages as instruments for working part-time in their analysis of the causal
effect of working part-time on wages.

As discussed in Section 2.2, to separately identify the causal effects of part-time and full-
time work, it is not sufficient that the retirement ages have explanatory power for the part-time
and full-time work decisions, but they should affect these decisions independently. Different
retirement ages can affect the full-time work decision in different ways. Individuals will more
often stop working full-time at the normal retirement age than at the early retirement age
because benefits are substantially reduced if claimed before the normal retirement age. Different
retirement ages can also affect the part-time work decision in different ways. Social security
regulations allow individuals who have reached their normal retirement age to draw social
security benefits and earn work income at the same time. This means that, as of their normal
retirement age, individuals may prefer to work part-time rather than retire fully, to supplement
their social security benefits with work income, especially if social security benefits constitute
their only retirement income. Other individuals who are already working part-time will be less
inclined to continue working part-time when they are eligible for early or normal retirement
benefits if by then the utility of retirement exceeds the utility of consumption from earned
income.

The retirement ages of the partner can affect the work preferences in even more complex
ways. Gustman and Steinmeier (2014) describe the different ways the partial or full retirement
status of one spouse can affect the part-time and full-time work preferences of the other spouse,
and how the retirement status of the wife can have a larger effect on the work preferences of the
husband than vice versa. They use their estimated model to simulate the effect of eliminating
the labor force participation of the wife on the retirement status of the husband. They consider
two offsetting effects. The loss of income from the wife’s work could lead the husband to retire
later, while the fact that the wife is out of the labor force could increase the value of leisure
for the husband and induce him to retire earlier. They find that if the wife is not working, the
husband becomes more likely to work part-time or full-time at the early retirement age and
beyond, but the probability of working part-time at the normal retirement age is higher than
that at the early retirement age, while the opposite is true for working full-time.

Table 3 presents the fraction of individuals in four employment states, based on reported
hours of work, before the age at which they become eligible for social security, between the early
and normal retirement ages, and after the normal retirement age. The table also presents the
fractions by the retirement eligibility ages of the partner. In the table we distinguish between
two modes of part-time status: part-time workers and part-time retirees. It appears that not
only the fraction of those who work full-time, but also the fractions of those who work part-
time or partly retired change considerably at the retirement eligibility ages or at 70 years of age.
The changes are larger at the retirement ages of the respondent than at those of the partner.
Furthermore, while the fraction of those working part-time decreases across the retirement ages,
the fraction of those retired part-time increases. These figures suggest that retirement ages of
the individual or the partner are relevant predictors of the number of hours worked in old age,
but they also seem to affect the part-time and full-time work decisions in different ways.
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Table 2: Retirement eligibility ages

Year of birth  Retirement eligibility ages

Early Normal Late
1937 or earlier 62 65 70
1938 62 65 and 2 months 70
1939 62 65 and 4 months 70
1940 62 65 and 6 months 70
1941 62 65 and 8 months 70
1942 62 65 and 10 months 70
1943-1954 62 66 70
1955 62 66 and 2 months 70
1956 62 66 and 4 months 70
1957 62 66 and 6 months 70
1958 62 66 and 8 months 70
1959 62 66 and 10 months 70
1960 62 67 70

Source: The United States Social Security Adminis-
tration.
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Table 3: Employment rates at the retirement eligibility ages (%)

Eligibility age Full-time Part-time Part-time Full-time
worker worker retiree retiree
Under early ret. age 72.76 11.83 4.34 11.06
Between early and normal ret. age 37.67 6.63 11.98 43.71
Between normal ret. age and age 70 18.20 4.48 12.90 64.41
Over age 70 7.82 4.04 9.62 78.51
Under early ret. age (P) 66.99 9.98 6.03 16.99
Between early and normal ret. age (P) 38.53 8.22 10.40 42.85
Between normal ret. age and age 70 (P)  24.31 6.31 11.52 57.85
Over age 70 (P) 13.13 5.67 9.52 71.67

Notes: 1. P: Married or unmarried partner. 2. Other employment status groups ‘disabled’,
‘not in the labor force’, and ‘unemployed’ a re excluded from the analysis.
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3.4 Descriptive statistics

Table 4 presents descriptive statistics for the full sample selected using the exclusion criteria in
Section 3. It also presents the statistics for the first and last wave of the survey so that changes
in the statistics can be compared over time. Over the whole survey period, the average age of
the sample is 62.2 years, where 14.1 percent are between the early and normal retirement ages,
and 34.3 percent are at or above the normal retirement age. 48.4 percent have some college
or a higher degree. 75.3 percent of the sample are married or have a partner. 20.0 percent
report that their health is fair or poor. The sample does not appear to be particularly prone
to depression; the average depression score is 1.17 out of 8. As objective indicators of general
physical health, the average number of difficulties in daily activities or in mobility or muscle use
seems low. The average number of chronic diseases is 1.54 out of 8. 40.9 percent of the sample
are overweight, and 28.2 percent are obese. While the average score of the word recall test is
just above half of its maximum, the average score of the subtraction test seems much higher.
47.3 percent of the sample report working 35 hours or more per week, while 16.3 percent report
working less than 35 hours at the time of the survey. The sample consists mainly of white-collar
workers. There are plausible changes in the statistics between the first and last waves. The
most notable change is that health status deteriorates across all health indicators except for
overweight and word recall.
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Table 4: Descriptive statistics

All 1992 2012

waves ~wave  wave
Demographics
Age (50-75) (avg.) 6223 5711 6221
Under early ret. age (%) 51.68  87.34  52.75
Between early and normal ret. age (%) 14.06 6.73  17.20
Between normal ret. age and age 70 (%) 16.35 4.60  11.40
Over age 70 (%) 17.91 1.33  18.65
High education (%) 48.45  40.78  56.91
Spouse or unmarried partner (%) 75.28  80.90 71.39
Female (%) 47.67  39.26  52.93
Health
Self-perceived fair or poor health (%) 19.98  16.29  20.55
Number of ADL limitations (0-5) (avg.) 0.14 0.08 0.17
Number of IADL limitations (0-5) (avg.) 0.11 0.08 0.13
Number of mobility limitations (0-5) (avg.) 0.70 0.50 0.77
Number of difficulties in muscle use (0-4) (avg.)  0.97 0.86 1.02
Number of chronic diseases (0-8) (avg.) 1.54 1.18 1.80
Hospital stay in the previous two years (%) 18.98 9.56  18.44
Overweight (%) 40.87  43.03  37.71
Obese (%) 928.25 2049  37.12
Self-rated fair or poor memory (%) 20.93 11.11  23.37
Subtraction test score (0-5) (avg.) 3.81 3.84 3.69
Word recall test score (0-20) (avg.) 10.72 9.32 10.58
CESD depression scale (0-8) (avg.) 1.17 1.01 1.24
Employment
Part-time worker (%) 16.26  15.55  16.11
Full-time worker (%) 4727  68.97  47.30
Retired (%) 36.45 1547  36.59
White-collar (former) worker (%) 60.32  57.06  60.10
Self-employed (%) 20.22 1855  18.97
N obs. 84979 6256 8913
N ind. 19384

Notes: 1. Totals may not add due to rounding error. 2. Number of observations is
based on the information available on employment status. 3. Data on the CESD de-
pression scale, numbers of ADL, IADL and mobility limitations, number of difficulties
in muscle use, and on word recall and subtraction test scores are not available in the
HRS wave 1992. The presented figures are based on the HRS auxiliary study Asset
and Health Dynamics among the Oldest Old (AHEAD) wave 1993 and the HRS wave

1994.
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4 Exploratory graphical analysis

Our aim is to investigate whether working part-time and full-time affect health in old age.
In our empirical approach, identification of the effects of working part-time and full-time on
health relies on the discontinuities in the probabilities of working part-time and full-time upon
reaching the retirement eligibility ages of the respondent and his or her partner. Here we first
provide exploratory graphical analysis of the differences in the conditional mean of the outcome
variable (health) among part-time workers, full-time workers, and retirees aged between 50 and
75. With respect to our identification strategy, we then provide graphical analysis of the jumps
in the conditional mean of the treatment (part-time and full-time work status) and outcome
(health) variables at the points of discontinuity in the assignment (retirement eligibility ages)
variable.

Figure 2 presents univariate nonparametric regressions of six health outcomes against the
age of the individual by employment status, distinguishing among full-time workers, part-time
workers, and retirees. We also draw 95 percent confidence bounds around each curve. Two
notable patterns are the following. First, for self-perceived health, health index, body mass
index, and self-rated memory, the bounds of the curves of the three employment status groups do
not cross until certain ages, suggesting that the differences among these groups are statistically
significant until these ages. Second, the mean of the health index is lower than that of the self-
perceived health for retirees across all ages, while the opposite is true for part-time and full-time
workers although to a lesser extent. This suggests that retirees over report, and part-time and
full-time workers under report their general health status.

Figure 3 presents univariate nonparametric regressions of the probabilities of working full-
time, working part-time, and part-time retirement against the age of the individual and against
the age of his or her partner, allowing for jumps at the retirement eligibility ages. There are
obvious discontinuities at the cutoff ages, and the jumps are in the expected direction. The
bounds often do not cross the curves, suggesting that these jumps are statistically significant.
The jumps are more pronounced at the cutoff ages of the individual than at those of their
partner, however. The jumps show that full-time work and part-time work or part-time re-
tirement probabilities change significantly at the retirement eligibility ages, which supports our
identification strategy. However, note that the plot is based on univariate regression and does
not control for the effect of the partner’s age. In the next section, we present formal tests of
whether the dummy variables for the discontinuities are jointly powerful enough to serve as
good instruments for both part-time and full-time work status.

In Figures 4 and 5, six health indicators are plotted against the ages of the individual and
the partner to inspect jumps in health status at the retirement eligibility ages of the individual
and the partner. Significant jumps are apparent at the retirement ages of the individual in self-
perceived health, health index, self-rated memory, and word recall score. The jumps are much
less clear at the retirement ages of the partner than at the individual’s own retirement ages.
Note that the jumps in the health index are less pronounced than those in the self-perceived
health in line with the smaller differences across the work status groups in the graph for the
health index compared to the differences in the graph for the self-perceived health in Figure 2.
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workers (red), and retirees (grey). Kernel smoothed local polynomials and 95 percent confidence
intervals around them.
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5 Results

5.1 Instrument relevance and validity

Table 5 presents the coefficient estimates from the first-stage estimation of the linear probability
model with fixed effects given by Equation (2.5). The errors of the linear probability model are
heteroskedastic by construction of the model, and the predictions of the model may lie outside
the unit interval. We correct the standard errors of the estimates for heteroskedasticity. In 183
cases the predictions of the model lie outside the unit interval for the full-time work regression.
Dropping these cases does not change our qualitative results. Furthermore, this does not affect
the consistency of the fixed effects instrumental variables estimator that we use.

Table 5 shows that the retirement eligibility ages of the respondent significantly change the
probabilities of both working part-time and full-time. The changes are particularly large for
working full-time. This is plausible since the majority of the employees opt out of full-time work
when they are eligible for social security benefits, according to Table 3. The retirement ages
of the partner also appear to be predictive of the respondent’s own retirement behavior. The
retirement age indicators are jointly significant at the 0.01 level in the regressions of part-time
and full-time work. These results suggest that retirement ages are important predictors of both
part-time and full-time work status, even when we control for a nonlinear smooth function of
age.

The effects of the retirement ages also appear to be fairly heterogenous across the two
regressions of part-time and full-time work, and across the two sets of retirement ages of the
respondent and the partner. While the effects of one’s own retirement ages are large and
negative in the regression of full-time work, they are much smaller and positive in the regression
of part-time work. While the effects of the partner’s retirement ages have the same signs in the
regressions of part-time and full-time work, they differ in magnitude and statistical significance
across the two regressions. However, considering one’s own retirement ages, compared to the
indicator of between normal retirement age and age 70, the indicators of between early and
normal retirement age and over age 70 change the probabilities of working part-time and full-
time in the same direction. In this respect, the effects of the partner’s retirement ages are
considerably more heterogenous than the effects of one’s own retirement ages. We also obtain
the plausible result that the effects of one’s own retirement ages are usually larger than the effects
of the partner’s retirement ages. This is in line with the observed jumps in the probabilities
of working full-time and part-time in Figure 3 that are more pronounced at the retirement
ages of the individual than at those of the partner. These results suggest that the instruments
offer particular sources of exogenous variation for the two endogenous regressors that help to
separately identify the causal effects of the endogenous regressors.

Angrist and Pischke (2009, pp. 217-218) introduced the first-stage conditional F statistic
which tests whether an endogenous regressor alone is weakly identified in models with multiple
endogenous variables. The statistic is later improved by Sanderson and Windmeijer (2016). The
statistic is based on a two-step regression procedure. First, an endogenous regressor is regressed
on the first-stage fitted values of the remaining endogenous regressor and other exogenous
regressors. The residuals from this regression are then regressed on the instruments. Joint
significance of the instruments provides evidence against weak identification for the particular
endogenous regressor. Table 5 presents the Sanderson and Windmeijer conditional F statistic
for each endogenous regressor. The results suggest that the instruments are not weak for any of
the two endogenous regressors and hence separately identify the causal effects of the endogenous
regressors. Cragg and Donald (1993) introduced the second-stage F statistic to test for weak
identification. Stock and Yogo (2005) tabulated critical values for the test for two particular
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consequences of weak instruments: bias of the instrumental variable estimator relative to the
bias of the least squares estimator, and distortion of the test size. However, the test, and the
critical values tabulated for the test, are valid under the assumption that the regression errors
are independently and identically distributed. The value of the test is 18.259 and exceeds the
critical value of 15.72 for 5 percent maximum relative bias, and it lies between the critical values
of 12.33 and 21.68 for 15 and 10 percent maximum test size distortions, respectively. In line
with the Sanderson-Windmeijer test, the Cragg-Donald test suggests that there is no particular
evidence to suspect that our model is affected by a weak instruments problem. Therefore,
the two tests provide strong statical evidence that the instrumental variables offer independent
sources of exogenous variation to separately identify the effects of working part-time and full-
time.

Table 6 presents the results of the overidentification test when we consider the retirement
eligibility ages of both the respondent and the partner, which constitute a total of six instru-
mental variables for two potentially endogenous regressors. Table 14 presents the same results
when we consider the retirement eligibility ages of the respondent only (three instruments for
two regressors). In all regressions with instrumental variables and fixed effects that show a
significant effect for part-time work or full-time work, the test results support the use of these
instruments: the null hypothesis that all moment restrictions are valid is not rejected.
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Table 5: Results for first-stage FE model explaining part-time and full-
time work status

Part-time Full-time

Coef SE Coef SE
Bet. early and normal ret. age 0.038" 0.006 —0.167""" 0.007
Bet. normal ret. age and age 70 0.048" 0.008 —0.245""" 0.010
Over age 70 0.033" 0.012 —0.210"" 0.013

Bet. early and nor. ret. age (P) —0.013"" 0.006 —0.025""" 0.006
Bet. nor. ret. age and age 70 (P) —0.038""" 0.009 —0.021"" 0.010

Over age 70 (P) —0.080""" 0.013  0.011  0.014
Age 0.019" 0.007 —0.003  0.007
Age squared —0.000™ 0.000 —0.000""" 0.000
Constant —0.430"" 0.199  1.518" 0.212
F test for quadratic age 5.729"" 498.717°

F test for excluded instruments  16.823"" 167.021°
Weak identification test 10.379™ 25.645"""

N obs. 63906

N ind. 15244

Notes: 1. Linear probability model with fixed effects. 2. P: Married or unmar-
ried partner. 3. First-stage regression results depend on the health outcome
considered in the second-stage regression due to discarding panel groups that
lack within group variation in the health outcome variable. Presented in the
table are results independent of the second-stage regression. Our qualitative
conclusions on the first-stage results remain the same across health outcomes.
4. """ indicate statistical significance at the 0.01, 0.05, 0.10 levels, re-
spectively. 5. Weak identification test tests the null hypothesis that the par-
ticular endogenous regressor alone is not identified. The test is based on the
Sanderson-Windmeijer F statistic. 6. Standard errors and test statistics are
robust to heteroskedasticity and clustering on panel groups.
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5.2 Physical and mental health

Table 6 presents the baseline results from the estimation of the linear models with instrumental
variables and fixed effects given by Equation (2.6). The estimation makes use of the full set of
six instruments introduced above. A first main observation is the following. We find significant
effects for self-perceived health, body mass index, and self-rated memory. These results reflect
the health outcome patterns observed in Figure 2. That is, for the health outcomes we find
significant effects, the curves based on univariate nonparametric regressions of the three work
status groups do not cross, although their confidence bounds cross after about the normal
retirement age. The exception is the health index which we discuss below.

Regarding the labor market participation at the extensive margin, we find that working
(either part-time or full-time) has a significant negative effect on self-perceived health, in line
with the findings of Neuman (2008) and Coe and Zamarro (2011), who showed that retired
people have better self-perceived health in the US and in Europe, respectively. It might be
that those who work are suffering from occupational injuries or diseases or from job stress
and therefore report poor health, which would imply that it is not working itself, but working
conditions that are responsible for poor health outcomes. This is consistent with Siegrist et al.
(2006), who find that poor psychosocial quality of work is associated with early retirement
among older employees across all European countries. On the other hand, working itself may
also initiate adverse health effects that would be delayed or prevented if the individual were
retired.

Unlike Coe and Zamarro, we find that working has no significant effect on the objective
health index. A possible explanation for why we do not find a significant effect for the health
index but for self-perceived health is the following. Figure 2 shows that, for the health index,
the conditional means of the retirees and those of the full-time and part-time workers are closer
to each other than they are for self-perceived health, possibly due to reporting bias, leading to
statistically less significant differences in the health index among the three employment status
groups.

Working substantially reduces the body mass index, implying that older people who work
are much less likely to be overweight or obese than those who are retired. Chung et al. (2009)
use the same survey data we use, and also find that retirement leads to a higher body mass
index. However, the marginal effect of retirement they obtain is less significant and substantially
smaller (significant at the 5 percent level, with a magnitude of 0.242) than the marginal effects of
both working part-time and full-time we obtain. The finding is also in line with Godard (2016)
who shows that retirement increases the probability of being obese among men in Europe. The
finding may imply that people who remain in the labor market are less prone to diseases caused
by overweight. In fact, Liu et al. (2009) find that, in the US, people who continue to work after
retirement have fewer chronic diseases like heart problems or functional limitations than people
who are fully retired. The finding seems particularly important because Must et al. (1992),
Blair and Brodney (1999), and Janssen (2007) show that overweight and obesity are related to
morbidity. Haslam and James (2005) argue that overweight and obesity considerably increase
the risks of cardiovascular disease, diabetes, and cancer. The finding is important also because
a substantial fraction of the population is overweight or obese. Table 4 showed that 37.7 percent
of the sample are overweight and 37.1 percent are obese in 2012. Flegal et al. (2010) report
that, among those aged 60 or older, from 1999-2000 to 2007-2008, obesity increased from 31.8
percent to 37.1 percent for men, although it decreased from 35.0 percent to 33.6 percent for
women in the National Health and Nutrition Examination Survey.

A possible explanation for the finding on the body mass index is that people who are active in
the labor market are physically more active than those who are retired. However, Insler (2014)
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and Eibich (2015) find that retirement is associated with more frequent physical exercise in the
United States and in Germany, respectively, and Kampfen and Maurer (2016) even establish a
causal relationship in the US. Therefore, more research is needed to investigate how the increase
in leisure time in retirement leads to a change in health behaviour for retirees so that they gain
weight.

With respect to mental health, we find that those who work rate their memory lower.
Workers may indeed be failing to utilize their memory skills more frequently than those who
are retired, but this might be because they are more frequently challenged to utilize their
memory skills. Hence, working by itself may not necessarily cause memory skills to deteriorate.

Contrary to the finding on self-rated memory, working full-time has a positive effect on the
word recall score. We do not take this result as conclusive because we fail to reject the C test
of the exogeneity of the hours worked.

We could expect that individuals who are working in old age are less prone to the symptoms
of depression than those who are retired as they keep their work-related social contacts and
their feelings of usefulness and self-esteem. On the other hand, others may find working in old
age onerous and become more prone to depression. However, we find that working part-time or
full-time has no significant effect on the depression score.

Regarding labor market participation at the intensive margin, surprisingly, we find that the
effect of working part-time is much larger than the effect of working full-time, and we reject the
equality of the coefficients of working part-time and full-time at the 0.05 level (as indicated in
the table with a double dagger symbol (1)) in the regressions of self-perceived health, body mass
index, and self-rated memory. The reason for the results on self-perceived health and self-rated
memory could be that part-time workers are not only challenged with activities at work, as
full-time workers are, but also with activities outside work, and are therefore more inclined to
respond to poor general health or memory. The result on the body mass index is consistent
with Au and Hollingsworth (2011), who studied 5164 participants in the Australian Longitudinal
Study on Women’s Health in 2003 and 2006 to investigate the influence of employment patterns
on weight gain and weight loss in young adult women. They found that women in part-time work
have a higher probability of losing weight or a lower probability of gaining weight compared to
women in full-time work. The authors reason that more time spent at work contributes to weight
gain through reduced time available for physical activity, overeating due to work related stress,
reduced sleep, or increased preference for fast-food instead of home-cooked meals. Overall, these
results suggest that labor market participation affects overall health or certain health conditions,
as implied by the strand of the literature analyzing the effect of retirement on various health
outcomes, but the effect of participation is not independent of the number of hours worked.

Table 6 shows that, in the regressions of self-perceived health, health index, and self-rated
memory, either of the two age terms are individually not significant. However, the age terms are
jointly significant at the 0.05 level in all regressions. This suggests that the quadratic function
of age captures well the evolution of health conditions through older ages. Many of the subject
studies also employ a quadratic function or even a linear function of age (Coe and Zamarro,
2011; Dave et al., 2008). We discuss additional results based on linear and cubic age functions
in the next section.

A potential shortcoming of our model is that it is not flexible enough to capture differences in
the treatment effects across people with different socio-economic characteristics. To see if such
differences play a role, we carry out separate regressions for the groups of the following socio-
economic characteristics: gender, occupation type, education level, self-employment status. We
present the results in Tables 7 and 8. We concentrate on the regressions of self-perceived health,
body mass index, and self-rated memory where we found significant effects using the full sample
above.
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Compared to the findings using the full sample, for both gender groups, the effects become
insignificant, and the results of the specification tests become less favorable. The exception is
that the effects remain significant in the body mass index regression for women. However, the
effect of part-time work is less significant, but this is apparently because the predictive power of
the instruments on part-time work is weaker for women in the first stage regression. In Figure
6, we present univariate nonparametric regressions of the three health outcomes of interest
against the age of the individual where we distinguish by work status, as in Figure 2, but also
by gender. The figure helps to explain the results we obtain for the body mass index. The
curves are clearly distinct from each other for women while this is not true for men, confirming
the significant effects we obtain for women but not for men in Table 7. It is difficult to draw
clear conclusions for self-perceived health and self-rated memory, however. It might that the
effects lose statistical significance due to using smaller samples for men and women.

As found for the full sample, for the groups of education and occupation type, the effects of
working part-time and full-time are usually significant; the effect of working part-time is more
pronounced than that of working full-time, and the difference between the two effects is usually
statistically significant (as indicated with the symbol 1).

The results for workers in paid employment are consistent with those obtained using the
full sample. However, for workers who are self-employed, the effects are often not significant,
and we often fail either of the two specification tests. This is not surprising. The first-stage
regression results for the self-employed show that the retirement eligibility ages of both the
respondent and the partner have much smaller and less significant effects on the probabilities
of working part-time and full-time. This result is plausible because those who are self-employed
are likely to face different institutional restrictions and different incentives to retire than people
who are working for an employer (Parker and Rougier, 2007). This implies that the retirement
eligibility ages are indeed good instruments for working part-time and full-time, supporting our
identification strategy. Note that the number of observations available for our estimations is
much smaller for the self-employed group than for the paid-employed group (see Table 4) which
might also explain why the effects become insignificant and the specification tests fail.

A notable finding is that for the workers in paid employment, the effect of working full-time
is significant at the conventional levels in the health index regression, and the sign of the effect
is consistent with that obtained in the self-perceived health regression using the full sample.

27



"AToA1300dsar ‘s[pAd] 0T°0 ‘S0°0
‘100 23 ye edouedYIUSIS [edrysryess ajeorpur ¢ ¢ @ 'sdnoid ppued uo Jureysnid pue A}D1ISEPIANSOIAYAY 0} ISNCOI DIk SOIISIJR)S JS9) PUR SIOLD PIepuels °),
"O19STYR)S [ UOSURE] O} UO PASB( SI 1599 O], "IOLI0 POAIOSqOUN O] [}IM POJR[OLIOIUN ST SHUSTIILIISUI [[© e[} SISO[0dAT [[NU o1} $1599 (1501 "9A() SB PAJOUIP) 150
UOT)eOYIJUOPLIOA() "O1)SIR)S ) 9 UO Paseq ST 1599 9], "SNOUZ0X0 oIv OWI)-[[N], pue owi)-1red, sojqerrea oy) 1ey] SIsot[j0dAY [[Nu o1} $3s07 (159) "PUH Se PIJOUdp)
1501 AJ1OULSOPUY G [OAS] G()'() O} Je Po3ddlol ST own)-[[Nj pue awr-1red Jo SJUSIOIO0D o) Jo Aenbo jer) sojeopul § § "UOISSOIdop 0I0A9S SIOUL 9JRITPUI SON[RA
IOUSTH ‘g 09 () WIOIJ SAN[eA SoxR) 91008 UoTssaldo(] "AIOWAUI 19119q 9)eIIPUL SoneA I9YSIH "(g 03 () WOIJ SonyeA Saye) 9100S [[BIDI PIopy “(100d) ¢ ‘- *(JUA[e0XH) T
:AToUTeU pajeI-J[og “Sem Apoq SUlsealoul 99edTPUl SaN[eA IBYSIH "/ g8 0F 6°()T WOIJ SaN[RA oY) XopUI SSeW APOg "SaN[RA IR[IUIIS SoXe) Xopul [jesf] (10od) G **
‘(yuereoxH]) T :I[ROY poAledIad-J[0G "¢ 'S109JJo POXT PUR SO[RLIRA [RIUOWINLIISUT [[)IM [OPOW IROUIT ‘g "199f0 snoouriodwojuoy) i) oS dpeIpent) 1y () T :S9I0N

OTFIT 69301 LSSTT 6721 z1201 67GTT put ‘N
07916 91 .L9¥ 99296 67709 6VCHy 16119 "8qo "N
++160°6 +5x161'8C «x+08L"08% w08 8LT w987 T0E «x1L6°GOT 98e orjeapenb 10y 1893 g
[VAKS «COLT «x096°TC «+989°0T €16°C «+L96'8 SNYRYS S[I0M I0F 189
8TL'T c19°L €16°9 876°0 9186 700°L 1591 "aA()
6969 L98°C L6 GT s STCTT «x8VT'ET «xx008°0C 189 "puy
000°0 4+xT00°0 1000 +£00°0— 0000 000°0 1000 +¥00°0— 0000 0000 000°0 +000°0 parenbs a8y
€00 44xL600—  TLO0 44x6£E°0 T20°0  ++€G0°0  8S0°0 4xE8S°0 8000 9000 810°0 ¢00°0— o3y
GLT0  STT0 0070  «GES0 0IT0 €SP0 0080 «4£96°0— TF00 2S00 9600  4xxTLT0 ouwI)-[[I ]
L19°0  €ST°0 eerT 0261 L6€°0 T.818'T LOT'T T.s912°€— €TI0 85070 LPE0 169670 owI-1aeJ
HA ‘AL 9 ‘D ‘VO [PPOIN

dS  JPoD dS  JPoD Jo0D dS  JPoD dS  JPoD S  JPoD

91008 uorssaxda(]

91008 [[BD9I PIOA\ AIOWIOW pPjeI-J[0§ XOpUl ssell Apog

XOpUL J[eof]

)oY poaAtedIad-jog

SOMI02INO J eay] Surureidxe Ppowt f4-A 10 SHMSY :9 d[qRL,

28



“A[oA100dsal ‘S[oAd] OT°0 ‘G0°0 ‘TO°0 Y3 e 9oUedyIusIs
[eonstyess oyeotpur ‘¢ @ 'sdnord [pued U0 SULYSN[D pue A}IDIISRPIHSOIDNAY 0F ISNCOT IR SOTISIYR)S 1S9} PUR SIOLID PIepUue)§ °) "d)spe)s [
UeSUR 91[) UO Paseq ST 1597 9], "I0IId POAISSOUN oY) [IIM POIR[DIIOIUN SI8 SJUSTWINIISUL [ JRY[} SISaI0dAT [[NU o[} $1597 (189 "9A() S® PIjouUaD)
159 UOTPeIYIIUOPLIOA() "OIPSIIRIS () O} UO Paseq SI 1593 o], 'SNoua30Xa dIe QWI}-[[N], pPue oull-1red, so[qerres oY) eyl SIsoyjodAy [[nU oY) S99
(1593 ‘puy se pojousp) 1501 ANPULSOPUY ‘g [OAd] GO'() O} e Pajaalol ST owiy-[[NJ pue suly-)red Jo SHUSIDIPIO0D oY) Jo Aenbo jey) seyeotput I
‘G "SULIOY oFe 9PNOUI SUOISSOIZOI [[Y “f UOISSoIdop 9I0AdS 9IOW 9)edIPUl Son[eA ISYSIH '{ O} () WOIJ Son[eA SoYR]} 9I00s UOlssoldo(] “Arowow
19939( 99eIIPUI SoN[eA IOUSIH "()g O} () WOIJ SAN[RA S9YR]) 9I00S [[RIaI PIOA\ “(100d) ¢ *** ‘(Juay[eoxs) T :Alowew pajel-j[og ‘1yslem Apoq Jursealoul
9)ROTPUT SaN[eA IOYSIH "/'g8 0} 6'0T WOIJ SoN[eA Sy} XopUI SSeW APog 'SonfeA IRIUIS soye) Xopul yireoy -(1ood) g “ ‘(puaqeoxy) T :Iesy
poAleoIad-J[og ‘¢ "SI00P0 POXY PUR SO[RLIBA [RIUSWITLIISUI [IM [OPOUWL IBUIT ‘g '199f0 snoosuerodwojuo)) i) -o8e o1jeIpent) :y T :S010N

00%°¢ c9C'v ¥4c'¢ ¢0L0 are9 +G06°L 189} PAQ
Gl7'¢ Gea'e ++x0C8° LT #+6L6°9 xL09°G ++x30G°6 159} "puy
68¢°0 697°0 ¢e9°0 «00T°T 89T°0 4408770 60G°0 «8T6°0— 7900 180°0 19T°0 «+L9€°0 ouIn-Tn g
€880 1¢¢'T 1¢0°C 100°¢ 80C°0 T.usIlV'T 28G'T .61V’ €— 6020 6.2°0 ¥67°0 ++366°0  dWI}-jred
uorjeonps YSIyg
¢69°1 900V ¥.€9 610°T LG9 ++969°6 189} PAQ
++GS89'L 661°0 +4x [80°LC ++0C6°L ++x999°8C #xxxL8C TT 1893 "'PUy
cve 0 8300 T16°0 86¢0 0ST°0 4 SP7°0 6LE°0 44C66°0— 960°0  6L0°0 0c10 +90¢°0 Sl | N |
0€6°0 LVL0—  L1I6°1 GL0'T 0290 1,971 €9G°'T  49L0¢— 6610 8200— 987°0 «V16°0  °uWii-jred
uoI1yedNpPa MO
088°¢ LV9°C 8678 9¢¢°¢ ovLe GR7°L 1893 PAQ
191°¢C 0Te'T #+6GG'9 60T°T #+x600 GT «9¢T°9 189} "puy
VIeo0 ¢IT0 ovL0 €€00— TI6T0 9v¢ 0 eS80 €00'0— ¥L0°0 6I00— 10¢°0 6L1°0 omn-TnAg
961°1 691°0 velc €69 T—  ¥c¢lL'0 16S°0 000'¢ cre’ 0 0Le0  96C°0— 87.L°0 LLV'0  Pul}-jied
9N
870°¢ «067°6 806°¢ 068°C «8€E€°6 T10°C 1893 "9AQ
w+ VL1 L ¢I6°¢ #+6LG°L +x7€G°0T #4xGLL O #+3CL°L 189} "puy
GLc0 681°0 1€6°0 +£66°0 OTT°0 %9620 VIV'0 wsI6CT— 7900 V00 91T°0 7010 omn-Tn g
c6e'1 9G9'T— QG¢'C 8V6°C Gr9°0 ¢96°0 00c'¢ «G8L€— €¢c’'0  LST0— GIL0 LC9°0— ouwly-jied
oTewroq
dd ‘AL 9 A VO TPPOIN

s 320D us 390D s 320D as 390D as 30D s 390D

9102s UOISSoIdo(]  9109S [[BD91 PIOA\  AIOWOW POjeI-J[9§ XOpul sseul Apog Xopul YIeOH Yjeoy poaredrad-jog

sdnoI38 OIOU009-0I100S SSOIDR SAWOIINO Yoy Surure[dxs Ppowt H-A] 10J SHNSOY :J, 9[QR],

29



“A[oA100dsal ‘S[oAd] OT°0 ‘G0°0 ‘TO°0 Y3 e 9oUedyIusIs
[eonstyess oyeotpur ‘¢ @ 'sdnord [pued U0 SULYSN[D pue A}IDIISRPIHSOIDNAY 0F ISNCOT IR SOTISIYR)S 1S9} PUR SIOLID PIepUue)§ °) "d)spe)s [
UeSUR 91[) UO Paseq ST 1597 9], "I0IId POAISSOUN oY) [IIM POIR[DIIOIUN SI8 SJUSTWINIISUL [ JRY[} SISaI0dAT [[NU o[} $1597 (189 "9A() S® PIjouUaD)
159 UOTPeIYIIUOPLIOA() "OIPSIIRIS () O} UO Paseq SI 1593 o], 'SNoua30Xa dIe QWI}-[[N], pPue oull-1red, so[qerres oY) eyl SIsoyjodAy [[nU oY) S99
(1593 ‘puy se pojousp) 1501 ANPULSOPUY ‘g [OAd] GO'() O} e Pajaalol ST owiy-[[NJ pue suly-)red Jo SHUSIDIPIO0D oY) Jo Aenbo jey) seyeotput I
‘G "SULIOY oFe 9PNOUI SUOISSOIZOI [[Y “f UOISSoIdop 9I0AdS 9IOW 9)edIPUl Son[eA ISYSIH '{ O} () WOIJ Son[eA SoYR]} 9I00s UOlssoldo(] “Arowow
19939( 99eIIPUI SoN[eA IOUSIH "()g O} () WOIJ SAN[RA S9YR]) 9I00S [[RIaI PIOA\ “(100d) ¢ *** ‘(Juay[eoxs) T :Alowew pajel-j[og ‘1yslem Apoq Jursealoul
9)ROTPUT SaN[eA IOYSIH "/'g8 0} 6'0T WOIJ SoN[eA Sy} XopUI SSeW APog 'SonfeA IRIUIS soye) Xopul yireoy -(1ood) g “ ‘(puaqeoxy) T :Iesy
poAleoIad-J[og ‘¢ "SI00P0 POXY PUR SO[RLIBA [RIUSWITLIISUI [IM [OPOUWL IBUIT ‘g '199f0 snoosuerodwojuo)) i) -o8e o1jeIpent) :y T :S010N

1861 +66C'8 ¢06°¢ €LE0 6€6°9 ¢S99 1593 "9AQ

++686°9 {0)eé +x919°0¥ +xG99°TT ++x3VV"GC «x38L°CC 159} 'PUH

29170 0LC0 79¢°0 «70L°0 GOT'0  +4+8L€°0 L8C0 4xx908°0— 8E0'0 4«¥80°0 ¢60°0 +4xGLGC 0 oW
6LL°0 770 9LLT ¢c08'1 7670 1.sGETT V6E'T 1.sGVLE— T8T'0  0EC0 6670  1.s03C'T ow-jreq
peAordwe-preq

L¥9°¢ ¢cs0'¢ #++xGOG LT 779 #0098 wxx L8L'CC 159} PAQ

2960 69G°0 a7 060°0 206°1 ¥76¢°0 159} "puy

0690 G6C0— VLV 1¢0' 1T— 16%°0 G6v'0— 9IT'T ¢6G°0 6610 9¢00— ¢6¢0 9T1¢’0— LuW-ng
864’1 8RT'T— L8C'E 10V T— ¢60°'1 «£E8'T—  GE6'C 18C°0— 9170 1..6GL°0— 296°0 ¢cL'0— oQun-jred
peAojduwe-jag

Geo9vy ce9v GTL9 ¢l60 9197V 9¢v'¢ 1593 "9AQ

680°C vI0'¢ xSV 1" LC 066 6¢9°C wxxxLGL'CT 1893 "PUY

€00 69¢°0 6E7°0 +9€8°0 0CT°0 €170 8¢¢0 «019°0— €¥0°0  LTI00 Y10 AT QW[
a0 vev o €LCT +0€C°C TG0 T.bTET ¢00'T  4066'T— 8¢T'0 ¢S00 Gee'0  1..6L8°0  owI-jIeg
JB[[00-93 Y A

09¢°¢ I.V'E 0¢s'¢ LTI0'T 816°L CISV 18593 "9AQ

«126°G LLLT #x860°GT 6897 #0907 #xxx0CV' 0T 1593 "PuUy

¢l1€0 ¢c0'0 €480 L60°1 €020  «II7V0 89670 «160°'T— L60°0 8810 691°0 VLC 0 SuwI-[ g
AR 8ER'0— 66L°C 6¢0°¢ 988°0 T.sCIE'T VLV'C 29L°¢— €0v'0  8¢e0 ¢l 0 €60°T ouwir}-3red

Jeqroo-onig
a4 ‘AL 9 ‘dD VO :[PPOIN
AS  JOD AS  JOD AS  J0D qS 30D qS 390D AS 30D

91008 UOISSOIdd(]  OI0S [BODI PIOA\  AIOWOW PojeI-J[o§ Xopul ssew Apogy Xopul Y)[edl TIeoy poatedrad-Jjog

sdnoI38 OIOU009-0I100S SSOIDR SAWOIINO Yoy Surure[dxs Ppowt H-A] 10J SHNSOY :Q S[qR],

30



3.6
3.6

34

34
L

32

Self-perccived health - Men
3
L
Sclf-perceived health - Women
3
L

32
L

e |
24 o
o | e
o o~
<« <+
e o
o o
2] T T T T T T 2] T T T T T T
50 55 60 65 70 75 50 55 60 65 70 75
Age Age
; 4
=
2 4
5 o §
5 & g
Q
= £ R
E ;6
EREE <
2 Tl 8
2 P
i f
7 97 3
-2 2 &
' I
a
2 4
o
N T T T T T
50 55 60 65 70 75 50 55 60 65 70 75
Age Age
o | ]
= =
5 g
= E=
Yy -y
8 o~ E\ o~
g )
o B
a g
E 3
RS E e |
$ o 5o
@A
| |
=] T T T T T T =] T T T T T T
50 55 60 65 70 75 50 55 60 65 70 75
Age Age

Figure 6: Health status by age of the respondent among full-time workers (blue), part-time
workers (red), and retirees (grey) for men and women. Kernel smoothed local polynomials and
95 percent confidence intervals around them.
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5.3 Robustness checks
Age specification

Our econometric model has allowed for a quadratic function of age to capture the possibly
nonlinear changes in hours worked in the first-stage regression, and in the health status in
the second-stage regression. Here we analyze the changes in the coefficient estimates and the
specification test results in the first-stage and second-stage regressions when we employ linear
and cubic functions of age.

Tables 9 and 10 present the results from the first-stage regressions of part-time and full-time
work when we employ linear and cubic functions of age. In both tables we reproduce the results
for the quadratic function of age for easy comparison. A main finding is that, in both regressions
of part-time and full-time work, the magnitudes of the coefficient estimates of the eligibility ages
of the respondent decrease substantially when we control for a cubic function of age, compared
to when we control for a quadratic function of age. This is obviously because the eligibility
ages lose explanatory power as we allow for greater flexibility in the continuous function of age.
Another finding is that the coefficient estimate of the cubic age term is virtually zero, although
significant. The magnitudes or the significance of the coefficient estimates of the eligibility ages
of the respondent also decrease when we employ a linear function of age in the regression of
part-time work. We conclude that a quadratic function of age captures the nonlinear changes
in hours worked well, while it allows the eligibility ages preserve their predictive power.

Table 11 presents the results from the second-stage regressions of health outcomes when
we employ linear and cubic functions of age. We also reproduce the results for the quadratic
function of age. There are two main findings. First, the effect of working part-time is slightly
smaller and less significant, and the effect of working full-time is smaller and becomes insignif-
icant in the regressions of self-perceived health, body mass index, and self-rated memory when
we employ a cubic function of age, compared to when we employ a quadratic function of age.
The effect of working full-time also becomes insignificant in these regressions. Furthermore, the
C statistic for testing the exogeneity of the hours worked loses substantial power in the word
recall score and depression score regressions. These results are apparently due to the fact that
the predictive power of the retirement eligibility ages has decreased as we allow for a cubic age
function. The table also shows that the individual effect of the cubic age term is virtually zero
and is not significant at the 0.05 level in all regressions.

Second, the J statistic for testing the exogeneity of the instruments gains substantial power
when we employ a linear function of age in almost all regressions, compared to when we employ
quadratic and cubic functions of age. A potential reason is that in the second-stage regressions
employing a linear function of age, the retirement eligibility ages become correlated with the
error term as we leave the explanatory power of the quadratic and cubic age terms to the error
term. These results support the use of a quadratic age function in the baseline analysis.
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Table 9: Robustness checks for first-stage FE model explaining part-time work status

Part-time

Linear age Quadratic age  Cubic age

Coef SE Coef SE Coef SE
Bet. early and normal ret. age 0.036" 0.006  0.038" 0.006  0.027"" 0.007
Bet. normal ret. age and age 70 0.039”" 0.008  0.048™" 0.008  0.029" 0.010
Over age 70 0.009 0.012 0.0330.012 0.016 0.013

Bet. early and nor. ret. age (P) —0.013"" 0.006 —0.013"" 0.006 —0.013"" 0.006
Bet. nor. ret. age and age 70 (P) —0.039"" 0.009 —0.038"" 0.009 —0.039""" 0.009

Over age 70 (P) —0.083" 0.012 —0.080"" 0.013 —0.080""" 0.013
Age 0.002" 0.001  0.019" 0.007 —0.237""" 0.083
Age squared —0.000" 0.000  0.004™" 0.001
Age cubed —0.000"" 0.000
Constant 0.059 0.041 —0.430"" 0.199 4.788"" 1.715
F test for quadratic age 5.729***

F test for cubic age 7.710%**

F test for excluded instruments 25.755*** 16.823*** 11.144***
Weak identification test 25.251*** 10.379*** 10.540%**

N obs. 63906

N ind. 15244

Notes: 1. Linear probability model with fixed effects. 2. P: Married or unmarried partner.
3. First-stage regression results depend on the health outcome considered in the second-stage
regression due to discarding panel groups that lack within group variation in the health outcome
variable. Presented in the table are results independent of the second-stage regression. Our
qualitative conclusions on the first-stage results remain the same across health outcomes. 4. ™, ™",
* indicate statistical significance at the 0.01, 0.05, 0.10 levels, respectively. 5. Weak identification
test tests the null hypothesis that the particular endogenous regressor alone is not identified. The
test is based on the Sanderson-Windmeijer F statistic. 6. Standard errors and test statistics are

robust to heteroskedasticity and clustering on panel groups.
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Table 10: Robustness checks for first-stage FE model explaining full-time work status

Full-time

Linear age Quadratic age  Cubic age

Coef SE Coef SE Coef SE

*kk kokk

Bet. early and normal ret. age ~ —0.170"" 0.007 —0.167" 0.007 —0.113"" 0.008
Bet. normal ret. age and age 70  —0.257" 0.010 —0.245""" 0.010 —0.150""" 0.012
Over age 70 —0.241"" 0.013 —0.210"" 0.013 —0.130""" 0.015

Bet. early and nor. ret. age (P)  —0.026" 0.006 —0.025"" 0.006 —0.022""" 0.006
Bet. nor. ret. age and age 70 (P) —0.023"" 0.010 —0.021"" 0.010 —0.015  0.010

Over age 70 (P) 0.006 0.013 0.011 0.014 0.013 0.014
Age —0.025"" 0.001 —0.003 0.007  1.2017" 0.090
Age squared —0.000""" 0.000 —0.020"" 0.001
Age cubed 0.000" 0.000
Constant 2.14177 0.048  1.518" 0.212 —23.106™" 1.856
F-test for quadratic age 498.717***

F-test for cubic age 355.141%**
F-test for excluded instruments  167.718*** 167.021*** 49.083***
Weak identification test 101.244*** 25.645*** 47.541**

N obs. 63906

N ind. 15244

Notes: 1. Linear probability model with fixed effects. 2. P: Married or unmarried partner.
3. First-stage regression results depend on the health outcome considered in the second-stage
regression due to discarding panel groups that lack within group variation in the health outcome
variable. Presented in the table are results independent of the second-stage regression. Our
qualitative conclusions on the first-stage results remain the same across health outcomes. 4. R
* indicate statistical significance at the 0.01, 0.05, 0.10 levels, respectively. 5. Weak identification
test tests the null hypothesis that the particular endogenous regressor alone is not identified. The
test is based on the Sanderson-Windmeijer F statistic. 6. Standard errors and test statistics are

robust to heteroskedasticity and clustering on panel groups.
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Econometric model

Our econometric model makes use of instrumental variables to circumvent the endogeneity of
hours worked, and exploits the panel nature of the data to allow for fixed effects that control
for unobserved individual heterogeneity. To show the extent to which the endogeneity of hours
worked and individual heterogeneity affect the estimated coefficients, Table 12 presents the
results using three alternative models. In the first model, we do not exploit the panel dimension
of the data, and do not control for the endogeneity of hours worked; rather we follow a pooled
OLS estimation. In the second model, we do not allow for endogeneity of hours worked, but
exploit the panel dimension of the data, and follow a panel FE estimation which uses the within
group estimator (the within group transformation followed by OLS). In the third model, we do
not exploit the panel dimension of the data, but allow for endogeneity of hours worked, and
follow a pooled IV estimation that uses the two-stage least squares estimator. The baseline
panel IV-FE model, reproduced in the bottom panel of the table, uses the two-stage least
squares estimator after the within group transformation.

A main finding is that the signs of the coefficients change when we control for the endogeneity
of hours worked, regardless of if we control for fixed effects, in the self-reported and self-rated
memory regressions. This provides a potential reason for why part-time and full-time workers,
compared to those who are retired, seem to have better self-perceived health and self-rated
memory in Figure 2, while in fact they do worse in these health outcomes when we control
for the endogeneity of hours worked in our baseline analysis in Table 6. Note that this is
not true for the body mass index since the effect of controlling for the endogeneity of hours
worked for the body mass index is less clear in Table 12. Furthermore, we also observe that
the signs of the effects change in the word recall score and depression score regressions when
we control for the endogeneity of hours worked, although this depends on if we control for fixed
effects. Overall, these results suggest that health conditions not only affect the labor market
participation decisions of individuals, but also the labor supply decisions at the intensive margin.

A second finding is that the magnitudes of the effects decrease substantially when we con-
trol for fixed effects, but this is most apparent when we do not take an instrumental variables
approach, or for self-perceived health and self-rated memory when we take an instrumental
variables approach. This suggests that individuals have health-related unobserved characteris-
tics that are also correlated with their labor market behavior. Overall, the results suggest that
controlling for the endogeneity of hours worked and individual heterogeneity are both essential
in the analysis of the effect of the number of hours worked on health outcomes at older ages.
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Part-time status

As discussed in Section 3.2, in the HRS, working under 35 hours can correspond to two different
labor force participation statuses: ‘working part-time’ as well as ‘partly retired’. Table 3 pre-
sented the fraction of individuals in the two modes of part-time employment before and after
the age at which they become eligible for social security. The table shows that the fraction of
those working part-time decreases, while that of those partly retired increases when individuals
become eligible for social security. A potential explanation is that, among those working less
than 35 hours, more people report being retired and are therefore categorized as ‘partly retired’
at older ages.

Here we check if the effect of working under 35 hours in our baseline analysis changes
between when respondents are working part-time and when they are partly retired in any given
survey year. In particular, we repeat the estimation on two restricted sub-samples of the data.
We require those working less than 35 hours in any given survey year to be partly retired in
the first sub-sample, and to be working part-time in the second sub-sample. With respect to
the first-stage results, we find that the effects of the retirement ages of the respondent on the
probability of working less than 35 hours are significant and positive and larger than those
presented in Table 5 in the first sub-sample (part-time retirees), while they are less significant
or insignificant and negative and much smaller than those presented in Table 5 in the second
sub-sample (part-time workers). On the other hand, the effects of the retirement ages of the
partner on the probability of working less than 35 hours are often insignificant and negative and
much smaller than those presented in Table 5 in the first sub-sample, while they are significant
and negative and somewhat smaller than those presented in Table 5 in the second sub-sample.
We find no significant change for the effects on the probability of full-time work.

Table 13 presents the second-stage results from the estimations based on the two sub-
samples. In the regressions of self-perceived health, body mass index, and self-rated memory,
the signs, magnitudes, and significance of the coefficient estimates of working less than 35 hours
are comparable across the two sub-samples. However, in most regressions, compared to the
results using the full sample, the J statistic for testing the exogeneity of the instruments gains
power in the first sub-sample, and the effect of full-time work becomes insignificant in the second
sub-sample, which make the comparison between the two sub-samples difficult.
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Instrument set

Studies analyzing the causal effect of retirement on health outcomes have used the retirement
eligibility ages of the respondent as instruments for retirement behavior. We have supplemented
this instrument set with the retirement ages of the married or unmarried partner. In order
to investigate the sensitivity of the estimates for restricting the set of instruments, Table 14
presents the results using the retirement ages of the respondent only. The table also reproduces
the baseline results for easy comparison.

Compared to the results using the full instrument set in the baseline model, we find that,
except for the health index and the word recall score, in all regressions the coefficients are less
precisely estimated or become insignificant, although they generally preserve their signs. Our
qualitative conclusions are not affected for the body mass index at the conventional significance
levels, however. The reason for the changes is apparently that the predictive power of the
instrument set has decreased. In fact, in the first-stage regressions of part-time and full-time
work, when use the retirement ages of the respondent only, the conditional F statistic loses
power although the p value of the statistic is still less than the conventional 0.01 level in both
regressions. This suggests that the retirement ages of the partner offer a particular source of
exogenous variation improving the efficiency of the instrumental variables estimator and yielding
more significant effects.

We observe exceptional results, however. For the health index, the effect of working full-time
becomes significant at the 0.10 level. This result is in line with Coe and Zamarro (2011) who
find that retirement leads to a decrease in the health index (indicating better health) in Europe.
For the word recall score, the effect of working full-time becomes larger, and we reject the C test
of the exogeneity of the hours worked. This might be due to the larger number of observations
used in the estimation when the restricted instrument set is used, which does not include the
retirement eligibility ages of the partner and therefore does not force us to restrict the sample
to those respondents with a partner only (see Table 4). This finding is in line with the recent
studies that show that retirement has a negative effect on cognitive functioning (Rohwedder and
Willis, 2010; Mazzonna and Peracchi, 2012; Bonsang et al., 2012). On the other hand, working
part-time does not have a significant effect. This suggests that it is working full-time, rather
than part-time, that preserves cognitive functioning in old age.
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Insrument validity

We have used the overidentifying restrictions test to determine whether our instruments, com-
prising the retirement eligibility ages of the respondent and the partner, are exogenous to the
health equations. The test is based on the Hansen J statistic and we have used the version of
the statistic that allows errors to be heteroskedastic as well as serially correlated within panel
groups. We find that the test is sensitive in a number of alternative specifications. First, when
we do not allow for serial correlation in the errors in the J statistic, we reject the test at the
0.10 level in the regressions of self-perceived health and self-rated memory. It might be that
the serial correlation in the errors within panel groups is due to age effects which drives the
correlation between the instruments and the errors when we do not allow for serial correlation
in the errors in the J statistic.

Second, in all regressions, we obtain a much stronger statistical evidence for the exogeneity
of the instruments when we restrict the instrument set to the retirement eligibility ages of the
respondent, compared to when we use the full instrument set, both presented in Table 14. This
is perhaps because the correlation between the instruments and the error terms in the health
equations becomes weaker as the instrument set includes fewer age dummies.

Third, in most of the regressions, we obtain a somewhat stronger statistical evidence for the
exogeneity of the instruments when we employ a cubic function of age in the health equations,
compared to when we employ a quadratic function of age in the first part of our robustness
analysis (see Table 11). A possible explanation is that the correlation between the instruments
and the error terms in the health equations becomes weaker when we allow for a more flexible
function of age in the health equations.

Lagged effect of retirement

We have examined the contemporaneous effect of labor market participation and hours worked
on health outcomes. A concern is that retirement, in comparison to working, may have a lagged
rather than a contemporaneous effect on health. For example, cognitive skills of a retiree
may deteriorate, and hence differ from those of a current worker, but only after a number of
years spent in retirement (Rohwedder and Willis, 2010; Bonsang et al., 2012). We check if the
contemporaneous effects of part-time and full-time work on health change when we require the
comparison group of retired respondents to be retired for at least one year. We find no significant
change in the results when compared to the baseline results, except that in the regression for
self-perceived health we reject the overidentification test of all instruments at the 0.10 level.

Number of hours worked per week

As discussed in Section 3.2, we define part-time work as working less than 35 hours a week, or
as working 35 or more hours a week but less than 36 weeks a year. To distinguish part-time
work from full-time work, here we consider two alternative thresholds for the number of hours
worked per week, and check whether the baseline results are sensitive to these thresholds. In
particular, we consider 30 and 25 hours of work per week as two alternative thresholds. We do
not consider changing the threshold for the number of weeks worked per year and always fix
it at 36 because there is little variation in the number of weeks worked per year in the sample
data (see Figure 1).

The alternative thresholds affect the baseline second-stage results as follows. When we use
30 hours per week as the threshold, we observe no significant changes that affect our qualitative
results. When we use 25 hours per week as the threshold, the notable change is that the J
statistic for testing the exogeneity of the instruments loses power and becomes insignificant at
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the 0.10, 0.05, and 0.10 levels in the self-perceived health, self-rated memory, and word recall
score regressions, respectively.

6 Conclusion

We analyzed the causal effects of working part-time and full-time on the physical and mental
health of US residents between the ages of 50 and 75, controlling for fixed individual effects and
potential endogeneity of labor supply. The two main findings are the following. First, relative
to the retired workers, part-time and full-time workers rate their overall health and memory
lower. Furthermore, full-time but especially part-time workers have a much lower body weight.
This effect is robust across different specifications and a number of socio-economic groups but
peculiar to women. Considering that almost 70 percent of our sample consists of individuals who
are overweight or obese, promoting part-time work among older workers might be important as
those who are fully retired appear to be much more prone to be overweight or obese, and perhaps
also prone to the related diseases, such as diabetes or heart attacks. In this respect, working
part-time may also help to limit the increasing burden of obesity on medical expenditures
(Cawley and Meyerhoefer, 2012).

Second, the effect of working on health is more pronounced for part-time workers than for
full-time workers. This result suggests that the effect of the number of work hours on health is
not linear in old age. It might be that part-time workers take part in work activities, but also in
non-work activities, which, when combined, are physically and mentally more challenging than
only taking part in full-time work activities.

There are a number of potential avenues for future research. We have compared the health
outcomes of the individuals who are working part-time or full-time with those of the individuals
who are fully retired at any given survey wave. In this comparison, we did not require individuals
to make transitions from or into any work status. We also did not impose any restriction on
the labor market history of part-time workers. Some of the part-time workers could have
already been part-time workers in the previous years, while others could have reduced working
hours from full-time as part of a gradual retirement plan. From a policy perspective, it seems
interesting to investigate the health outcomes and behaviour of the latter group of individuals to
understand if offering gradual retirement plans could improve older worker’s health as retirement
ages continue to raise.

Analysis of time use data would be useful to understand the differences in time alloca-
tion among the work and non-work activities of part-time and full-time workers to understand
the mechanisms that cause differences in the health outcomes of these two different groups of
workers.

It might be worthwhile to distinguish between the effects of voluntary and involuntary
retirement, since it has been shown that these transitions have different effects on the way in
which a person experiences retirement, and therefore possibly also on health (van Solinge and
Henkens, 2007).

Finally, it might be useful to consider additional measures of health, or other longitudinal
datasets in other countries to investigate further the differences between the effects of part-time
and full-time work on health.
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