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Abstract Retirement is an important event in the life of an individual. The decision to
retire or exit from full-time employment may be motivated by several factors, including
health. This paper explores the effect of both subjective and relatively more objective
physical andmental health conditions on the probability of exit from full-time employment.
Using longitudinal data on older Americans from ten waves of the Health and Retirement
Study (1992–2010), eight health indices are created from a wide range of health measures
by principal component analysis. The effect of these health indices on the time until exit
from full-time employment is empirically examined in a proportional hazard model. Single
and competing risk specifications are estimated that allow for multiple spells of full-time
employment and control for unobserved heterogeneity. The main results suggest that better
self-reported health decreases the likelihood of exit from full- time employment, while poor
physical health (functional limitations factor) increases the likelihood of exit from full-time
employment via complete retirement and disability. For mental health, I find that depres-
sion increases the likelihood of exit via complete retirement, part-time work and unem-
ployment while cognitive disorders lead to an increase in likelihood of exit via the disability
exit route. Hence, physical and mental health problems are both impediments to continued
work. These results have implications for public policies targeted towards retaining older
workers within the labor market.
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Introduction

Retirement is an important event in the life of an individual. Among many other
factors (socio-economic and financial), individual health status may have a strong
influence on retirement decisions. For the last few decades, population aging has
foreshadowed serious policy problems throughout the world, including within the
United States. With the rapid rise in aging population in U.S, an increasingly high
proportion of individuals are fast approaching their full retirement age (65 years).
According to Social Security Administration (Office of Policy), the proportion of
people over 65 years of age in 2009 was 12.9% as compared to 8% in 1950. Over
next few decades, as the baby boom generation (born during 1946–1964) enters
their elderly years the proportion of individuals over 65 years of age is projected
to rise to 20% (in 2040).

These demographic changes suggest financing challenges for transfer programs
such as the Social Security program. As a result, policymakers may promote
policies designed to retain productive older workers in the workforce in order to
defer their Social Security payments. The success of such policies depends in part
on the ability to identify the key determinants of a worker’s decision to retire and
the magnitude of their impact. One obvious factor that plays into a worker’s
decision to continue working or retire is their health status. Policies that improve
the health of workers may encourage them to continue working and defer the start
of their Social Security payments.1 The purpose of this paper is to examine the
role of physical and mental health conditions in determining the duration of full-
time employment for older Americans. In other words, this paper measures the
extent to which health influences the decision to retire among older U.S. workers.

There is a literature focused on identifying the causal effect of health on
retirement (Anderson and Burkhauser 1985; Bazzoli 1985; Bound 1991; Bound
et al. 1998; Disney et al. 2006; Dwyer and Mitchell 1999; Lindeboom and
Kerkhofs 2002). These studies primarily used self-reported subjective measures
of health. Such measures of health may be plagued with problems that lead to
bias. First, self-reported measures of health are based on subjective judgments and
there is no reason to believe that these judgments are comparable across individ-
uals. Second, since poor health may represent a legitimate reason for a person of
working age to be outside the labor force, respondents who are not working may cite
health problems as a way to rationalize behavior (the Bjustification hypothesis^). A final
issue is that many papers in the literature are forced to rely on relatively short panels due
to limitations in data availability at the time of the studies.

This paper adds to the existing literature by using duration analysis on a panel
dataset of older Americans (those at least 50 years old and working full-time in
1992) and utilizes a wider variety of health indices to estimate the impact of health
on the duration of full-time employment. Unlike much of the previous literature,
the long panel nature of the Health and Retirement Study dataset is exploited here,
making it possible to observe more cases of actual retirement than retirement plans

1 However, such investments might come at an Bunanticipated cost^ of extending the individual’s lifespan, so
that the government may end up paying more in social security over all. Boskin et al. (1987); Coile et al.
(2002) and Gruber and Wise (2005) explore this area, which is beyond the focus of this paper.
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(expectations) and the potential to observe multiple spells of employment over a
20-year timeframe. 2 Excluding younger individuals and those initially working
less than full-time reduces concern about the justification bias. The issue of
subjectivity in health outcomes is addressed by constructing eight relatively
objective health indices (factors) through principal component analysis (PCA) that
are based on a broad range of subjective as well as objective health measures.3

Unlike previous studies, it is possible to observe how different health measures
load in these indices. Besides the health indices created by PCA, changes in
physical and mental health between consecutive waves are considered.

The main results for the overall study sample suggest that among physical
health factors, an increase in the functional limitations factor increases likelihood
of exit from full-time work by 18.88% overall, which is largely driven by exits via
complete retirement or disability routes. However, the probability of exit for
complete retirement is much larger in magnitude. On the other hand, cancer leads
to a 7.71% decrease in likelihood of exit via complete retirement. Among mental
health factors, an increase in cognitive disorders has no significant effect on exit
via the complete retirement route but leads to a 1.14% increase in likelihood of
exit via disability. An increase in depression factor leads to 9.06%, 3.04 and
0.90% increase in likelihood of exit via complete retirement, part-time work and
unemployment routes respectively. An increase in the risky lifestyle behavior
factor (smoking, drinking) leads to an increase in likelihood of exit via complete
and partial retirement routes.

The rest of this paper is organized as follows: section 2 reviews previous literature and
section 3 presents the data. A discussion of the empirical methodology is provided in section
4 followed by a discussion of results in section 5 and ending with a conclusion in section 6.

Literature Review

An early paper on this topic, Boskin (1977), does not find any significant effect of
health on retirement, but a large effect of Social Security income. Unlike Boskin
(1977), Quinn (1981) finds that the presence of a health limitation reduced the
probability of labor force participation by 20 percentage points. Bazzoli (1985) looks
at the determinants of early retirement and the impact of various measures of health.
She also addresses the issue of the relative importance of health and economic factors
in influencing early retirement. She finds economic factors rather than health factors
play the major role in retirement decisions.

In attempting to identify the causal effect of health on retirement decisions, the use
of subjective measures of health has been a focus of much attention in the literature
(Anderson and Burkhauser 1985; Bazzoli 1985; Bound 1991; Bound et al. 1998;
Disney et al. 2006; Dwyer and Mitchell 1999; Lindeboom and Kerkhofs 2002). Such
measures of health may be plagued with problems that lead to bias. First, self-reported
measures of health are based on subjective judgments (leading to bias) and there is no
reason to believe that these judgments are comparable across individuals. The size of

2 Since each wave is two years apart.
3 Twenty eight different health measures have been used in PCA.
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the bias present in self-reported health measures is documented in Benítez-Silva et al.
(2004). Second, self-reported health may not be independent of labor market status.
Third, since poor health may represent a legitimate reason for a person of working age
to be outside the labor force, respondents who are not working may cite health
problems as a way to rationalize their behavior (Bjustification hypothesis^). Fourth,
for individuals for whom the financial rewards of continuing in the labor force are low
there exists a financial incentive to report poor health as means of obtaining disability
benefits. This is often cited as the Bdisability route^ into retirement (Marmot et al. 2002;
Riphahn 1999). For example, in a study of social security benefit programs in the
Netherlands, Kerkhofs and Lindeboom (1995) show that recipients of disability insur-
ance systematically overstate their health problems.

A large literature attempts to address this concern about subjective reports of health
status. To mitigate response bias, authors have attempted to use arguably more objec-
tive measures of health, such as the observed future death of respondents (Anderson
and Burkhauser 1985; Parsons 1982). Parsons (1982) and Stern (1989) find those who
withdraw from the labor market are likely to cite poor health as the cause even if they
are not in poor health, simply because they may be rewarded for doing so through
eligibility for transfers. Their findings suggest that the traditional measure of self-
reported health is endogenous due to Bjustification hypothesis.^ In other words, people
who intend to keep working will downplay their health problems while ones who
dislike work and wish to exit from the labor force will exaggerate their health problems.
Dwyer and Mitchell (1999) implement an instrumental variable approach to deal with
endogeneity using the first four waves of HRS. The authors used parental health and
mortality, respondent’s age, number of children, and BMI as instruments for self-
assessed health. They do not find evidence to support the justification hypothesis. This
could be because in the first four waves the HRS sample is still relatively young and
does not yet consist of a majority of retired individuals.

Bound et al. (1998) examined the relationship between health and alternative labor
force transitions like retirement, job change, and application for disability insurance.
Their analysis not only considers health status, but also declines in health and its effect
on the work behavior of individuals. According to the authors, retirement is often a last
resort. Prior to such an outcome, workers may resort to increased effort, putting in more
time, requesting a reduction in performance standards, or changing jobs in order to
accommodate their physical limitations.

Using the first few waves of the HRS, McGarry (2004) models the labor market
behavior and retirement probabilities of older workers prior to their eligibility for early
retirement benefits and Social Security. She finds that changes in retirement expectations
are driven more by health than economic variables. The effect of subjective measures of
health is strong even when objective measures are included. Miah andWilcox-Gök (2007)
also use HRS data to determine how chronic illness affects asset accumulation and
retirement. They find that the vast majority of the chronically ill population does not report
their general health to be poor nor do they report functional limitations in activities of daily
living. Nevertheless, their results indicate that chronic illness leads these people to accu-
mulate fewer assets during their working years and consequently retire later.

While most studies in the existing literature use a fixed effect approach on panel data
from different countries to investigate the effect of health on retirement, Meghir and
Whitehouse (1997), Christensen and Kallestrup-Lamb (2012) and Siddiqui (1997) use
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duration models to study effect of poor health on labor force transitions for UK, British and
Danish panel surveys respectively. In sum, these findings strongly suggest that poor health is
a determinant of retirement or exit from the work force.

Data

The analysis presented in this paper exploits a long panel of data for Americans (1992–
2010) from the Health and Retirement Study (HRS) conducted by the Institute for Social
Research at the University ofMichigan.4 The HRS is an ongoing longitudinal survey, which
began in 1992, and is conducted in biennial waves. Prior to 1998, the main HRS cohort
included individuals born between 1931 and 1941, and another distinct cohort, the Study of
Assets and Health Dynamics among the Oldest Old (AHEAD), included individuals born
before 1924. Since 1998, the data for these two cohorts is collected jointly, and the sample
frame has been expanded to include cohorts born between 1924 and 1930 and those born
between 1942 and 1947. The HRS is administered for the specific purpose of studying life-
cycle changes in health and economic resources, and includes detailed information on
various subjective and objective health outcomes. In this paper, I focus on a sample of older
individuals who were at least 50 years of age who were working full-time in 1992. The
sample consists of 4128 individuals having multiple records that generate 15,442 person-
wave observations. This was obtained by strictly dropping all cases with inconsistent or
missing information for health measures and socio-demographic or economic variables.

Employment Spells

I consider two types of employment spells in my analysis. I start by focusing on initial
employment spells by following the 4128 individuals inmy sample starting inwave 1 (1992)
over the subsequent waves until their first observed exit from full-time employment occurs
(initial exit model).5At the end of each two year wave of the HRS, an individual who was
working full-time in the previous wave could either continue working (and thus be treated as
a right censored observation for that wave) or exit full-time work via one of the five different
routes: complete retirement, partial retirement, part-timework, unemployment and disability.
The exit routes are defined using the labor force participation variable.6 Individuals leave full-

4 The HRS (Health and Retirement Study) is sponsored by the National Institute on Aging (grant number NIA
U01AG009740) and is conducted by the University of Michigan. More information is available at:
http://hrsonline.isr.umich.edu/
5 Since I am focusing here on initial employment spells, any subsequent transitions back to full-time work are
ignored. This implies I am considering retirement to be an absorbing state.
6 In the HRS, individuals who report working 35 or more hours per week are considered full-time and those
working less are considered part-time. This includes the hours and weeks worked in both the main and second
job. The key HRS variable of interest here is the labor force participation variable (LFPV). If the respondent
reports working full- time then their LFPV is set to that status. If he/she is working part-time and also reports
retirement LFPV is set to partly retired. If there is no such reporting of retirement, then the variable is set to
working part-time. If the respondent is neither working nor looking for work but there is reporting of
retirement, then his LFPV is set to retired (completely retired). If retirement is not mentioned and a disabled
employment status is given, then it is set to disabled. Otherwise, it is set to Bnot in the labor force.^ If the
respondent is not working but is looking for a full-time work, labor force participation is set to unemployed. If
he/she is looking for a part-time job and mentions retirement, then it is set to partly retired. Finally, individuals
looking for a part-time job and not reporting retirement, have LFPV set to unemployed.
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time employment through one of the five exit routesmentioned above or leave the survey via
attrition or for some other reason, such as death. Those that remain in full-time employment
or that exit the survey are treated as right censored employment spells.7 Overall, 3.4% of the
sample remains continuously full-time employed across all of the waves we observe. Since I
am focusing here on initial employment spells, any subsequent transitions back to full-time
work are ignored. This implies I am considering retirement to be an absorbing state.

The other type of employment spell I consider in my analysis is a subsequent employ-
ment spell (multiple exit model). In other words I drop the assumption that retirement is an
absorbing state and allowmembers of the sample that retire to contribute additional spells of
full-time employment if they re-enter the labor market. This adds 740 additional employ-
ment spells to the 4128 initial employment spells described above, for a total of 4868 full-
time employment spells generated by my sample.8

Figure 1 depicts the baseline hazard rate for individuals to exit over time via any
route in general and also via the five different exit routes. It is observed that the hazard
rate for exiting full-time employment in general (via any route) cumulatively rises over
time with a distinct peak occurring in Wave 7 (2004). This is largely driven by the rise
in hazard rate of exiting via the complete retirement route which also peaks in Wave 7.
This is probably because the individuals who are 50 years of age or older in 1992
become eligible for retirement benefits around the same time. The figure also indicates
that the baseline hazard rate for the different exit routes is non-linear and not constant
over time which calls for its parametric estimation using a suitable distribution.9 The
Kaplan-Meir survival estimates indicate that the probability of surviving in full-time
employment declines over time. However, this decline is larger in the initial waves.
This is true for all routes combined and the complete retirement and partial retirement
routes. For the part-time work, unemployment and disability or not in labor force
routes, the decrease in survival rate almost flattens out over time.

Health Measures

I use a wide range of health measures in this study in an attempt to address the concern
that many health measures, such as self-reported health, are based on individual
perceptions and may be plagued by misreporting and measurement error. Some of
these measures are relatively more objective than others are and have not been used in

7 The available HRS data allows me to follow the individuals through nine transitions: 1992–94, 1994–96,
1996–98, 1998–00, 2000–02, 2002–04, 2004–06, 2006–08, and 2008–10. The 4128 individuals who were at
least 50 years old and worked full-time in 1992 are followed over the next 18 years (1992–2010). Between
1992 and 1994, 20 individuals leave the sample due to attrition (death or other reason), so 4108 individuals are
Bat risk^ of retirement (exit) during 1994–1996. Among them 349 individuals already exit via complete
retirement route by 1994. Another 148, 209, 70 and 67 individuals exit via partial retirement, part-time work,
unemployment and disability/not in labor force routes respectively. Of the 3265 individuals who remain full-
time employed in the sample in 1994, 27 are lost due to attrition, so only 3238 remain at the risk of retirement.
Among them 372 individuals already exit via complete retirement route by 1996. Another 173, 20, 87 and 76
individuals exit via partial retirement, part-time work, unemployment and disability/not in labor force routes
respectively. Similar pattern is observed between each two year time period. Finally, among the 4128
individuals only 142 remain full-time employed through all 18 years while the rest exited via one of the five
routes or attrite.
8 This is reported in Appendix, Table 8.
9 The associated baseline hazard rates are reported in Appendix Table 9.
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the previous studies. Below I discuss these health measures by grouping them into four
broad categories.

Self-reported health: This is the most subjective measure of health and has been
widely used in existing studies. In the HRS, individuals may report their health as
excellent, very good, good, fair and poor.

Physical health: Some of my measures of physical health have been used in
prior studies, including counts of difficulties with activities of daily living (ADL)
and diagnosed chronic conditions. The ADL difficulties include difficulties with
daily chores like bathing, eating, getting dressed, getting in or out of bed, and
walking across a room. The chronic conditions include diseases like blood
pressure, diabetes, lung disease, heart disease, stroke, cancer, arthritis and psy-
chological disorders. The dichotomous variables created for these conditions are
based on whether the individual has been medically diagnosed and whether he
has been using prescription drugs or undergoing therapy to treat this specific
condition in the previous two years, to get relatively more objective indicators of
physical health.

Mental health: The existing literature has mostly overlooked measures of
mental health. The studies that do include mental health only account for
depression while paying no attention to cognitive disorders. I measure mental
health by using information on depression and cognition as well as other diseases
like Alzheimer’s and Dementia. These mental health conditions are also validated
with prescription drug use information. In the HRS, depression is measured in a
0–8 scale, as defined by the Center for Epidemiologic Studies on Depression
(CESD). This CESD score measures the sum of adverse mental health symptoms
for the past week, based on if the respondent felt depressed, felt that everything
was an effort, had restless sleep, was not happy, felt lonely, felt sad, could not
get going, and did not enjoy life. Studies have confirmed this to be a valid and
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Fig. 1 Cumulative hazard rates for different exits (1992–2010)
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reliable indicator for incidence of major depression in older adults (Irwin et al.
1999). Information on measures of cognitive functioning is also included in my
analysis. The cognitive functioning measures include immediate and delayed
word recall, the serial 7’s test, counting backwards, naming tasks (e.g., date-
naming), and vocabulary questions. In addition to the individual cognitive
functioning measures, the HRS also derives three cognition summary indices.
The total recall index which is available for all waves is a concise summary of
the immediate and delayed word recall tasks. The mental status index adds the
scores from counting, naming, and vocabulary. To maintain consistency across
waves, I have used the total cognition score in this study, which sums the total
recall and mental status indices and thus ranges from zero to thirty-five.

Other health measures: In addition to self-reported health and measures of
physical and mental health, some other measures of health (ignored in existing
studies) are also used in this study. These measures include body mass index
(BMI), work related stress, physical effort at work, extent of physical exercise,
number of nights at hospital, number of doctor visits, risky behaviors like
smoking and drinking, and out-of-pocket-medical expenditure.

Descriptives

One way to analyze the impact of health status on the decision to exit full-time
employment is to investigate whether or not there are baseline differences (in
1992) in health status between those that are observed working full-time
throughout the sample and those that are observed exiting full-time work via
one of the routes. Table 1 presents such a comparison for some important
standard measures of health. In general, those that subsequently exit from full-
time work seem to have worse baseline measures of health than those that
remain working full-time. For example, those that exit from full-time employ-
ment via complete retirement are more likely to report poor health, ADL
difficulties, multiple chronic conditions, depression, and psychological problems.
A similar pattern is observed for individuals who subsequently exit via other
routes. There is statistically significant difference in means of the health outcome
measures for samples of working individuals and individuals who exit via one of
the routes as reported in Table 1. The baseline differences in socio-demographic
and economic variables for the individuals working full-time across all waves
and those that subsequently exit via one of the routes are reported in Table 2.
The individuals who subsequently exit via complete retirement route are older,
more likely to be male, married and in blue-collar jobs with lower individual and
household income as compared to those that remain in labor market full time.
For most health measures baseline difference in means for individuals who
continue in full-time work and ones who subsequently exit is significantly driven
by exit categories-complete retirement and disability. For few health measures,
there is statistically significant difference in mean for exit categories partial
retirement and part-timework (compared to full-time work) but for unemploy-
ment exit route, the differences are not statistically significant. However, mixed
results are observed for socio-demographic variables. Baseline difference in a
majority of socio-demographic and economic variable means for individuals who
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continue in full-time work and ones who subsequently exit are driven by exit
categories part-time work and disability.

Health Indices

To mitigate the potential difficulties arising due to use of subjective self-reported
measure of health, Bound (1991, Bound et al. 1998) suggested an approach that
involves estimating a model of self-reported health as a function of more
objective measures of health to define a latent ‘health stock’ variable. This
health stock variable is then used as a measure of health in a model of retirement
/ exit from full-time employment. This idea of constructing a health stock is in
many ways analogous to using objective measures of health to instrument for the
endogenous and potentially error-ridden self-reported health variable. In this
paper, the latent health stock variable is predicted by using an ordered probit
model for self-reported health, where the ordered measure of self-reported health
is regressed on a set of relatively more objective health measures reported in
Table 1. More health problems are associated with a lower order of the latent
health stock. Unfortunately, this method for creating a latent health stock is not
very effective at suggesting how the different individual health measures are
weighted. This can be a problem because clearly neither high blood pressure nor
diabetes is the same as cancer. Physical health outcomes are also clearly different
from mental health outcomes. On the other hand, including every health measure
separately in a regression model will make it cumbersome. Hence principal
component analysis is used as a comprehensive way to extract eight10 meaning-
ful factors (indices) from twenty-eight individual health outcomes. For each
factor, it is possible to note how the different individual health measures weigh.
11 It is important to note that self-reported health does not load heavily in any
factor, which implies that it is not the best indicator of health of an individual.
Based on the health outcomes that load heavily in each factor12 I label them:
Factor 1: Has chronic conditions, Factor 2: Has functional limitation, Factor 3:
Hospital stay, Factor 4: Has cognitive functioning problems, Factor 5: Has
depression, Factor 6: Lack of physical exercise, Factor 7: Has cancer, and Factor
8: Has lifestyle behavioral problems.

Empirical Method

In this paper, a standard proportional hazard model is used to estimate the impact
of health on the duration of full-time employment, where time is measured in
two-year waves. In some specifications, only initial employment spells are

10 Factors having eigen-values greater than 1 are retained. These eight factors are the Bprincipal components^
of the health of individuals in the sample. In other words, they represent perceived health status of individuals
in the sample in the best possible objective way. From twenty eight diverse health outcome variables. Eight
factors with Eigen value greater than 1 are generated using Principal Component Factor Analysis which is
used to create the health indices used as explanatory variable in the hazard model.
11 Principal Component Analysis results are reported in Appendix Tables 10 and 11.
12 Refer to Appendix Table 11 to see the factor loadings (i.e. which measures load heavily in each factor).
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included in the sample, while in other specifications I include subsequent
employment spells as well. Another way in which I differentiate the model is
to combine all five exit routes in some specifications (a combined risk or lumped
risk model) while other specifications each exit route is treated separately (a
competing risk model).

More formally, the competing risk proportional hazard model is given by:

Hj tð Þ ¼ H0 tð Þ* exp X’
itβ

� � ð1Þ

Here, j is an index for each of the five exit routes and Xit is the vector of covariates
that vary with time while H0(t) is the baseline hazard that only depends on time but not
individual covariates which means it is common for all units. The impact of the
observable characteristics is parametrically estimated using the standard proportional
hazard functional form exp. (X’itβ).

Given that the hazard is not constant over time (time-dependency of hazard rates), it
is important to choose a suitable parametric distribution for estimating the baseline
hazard. If the chosen distribution correctly characterizes the time-dependency, then the
parameter estimates are likely to be more precise than the parameter estimates of semi
parametric or non-parametric models where the time-dependency is left unspecified.
Hence, there are advantages of using a suitable parametric model. But problems may
arise if a wrong parametric form is chosen. The most common approach for choosing
an appropriate parametric model is based on using the Akaike Information Criterion
(AIC). It is based on penalizing the log likelihood to reflect the number of parameters
being estimated by different models (distributions) and comparing them. Although the
best fitting distribution is the one with the largest log likelihood, the one with smallest
AIC is most preferred. Table 3 presents the log likelihood and AIC information for
different parametric models. Given the smallest AIC, the Weibull distribution is
chosen for parametrically estimating the baseline hazard.13According to the propor-
tional hazard specification stated earlier, the Weibull hazard rate is given as:

H t;Xð Þ ¼ λ p λtð Þ p−1 ð2Þ

Where, λi = eXiβ and p is the shape parameter.
In all specifications, in addition to the socio-demographic and economic variables

reported in Table 2, each specification I estimate includes spousal health and work
status, occupations, census regions, expected longevity 14 and controls for general
economic conditions (through wave dummies). In order to estimate the model with
standard software, an independence assumption across the exit routes is imposed.

13 I have also estimated the following other parametric models Gompertz (proportional hazard model), Log
normal, Log logistic and Gamma (Accelerated Failure Time models) for all specifications (not reported) and
found the time ratios (similar to hazard ratios). In the generalized gamma model, the Wald test for κ =1
provides support for adopting the Weibull distribution.
14 Expected subjective probability of living until age 85.
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Then this independence assumption is tested by estimating Martingale residuals for
each exit route and checking their correlations for statistical significance, as in Borgan
and Langholz (2007) and Marton et al. (2010).

Hazard models may be plagued by duration dependence, which arises due to unobserved
heterogeneity.15 Ignoring unobserved heterogeneity may exaggerate the rate of failure for
some individuals and underestimate the rate of failure for others. In this context, unobserved
heterogeneity is addressed through the addition of an additional randomparameter or Bfrailty
term^ to themodel. In the proportional hazards model, the hazard rate increases or decreases
with the covariates. The problem is that if there are unmeasured or unobserved ‘frailties’,
then the hazard rate will be a function of the covariates and the frailties. Eq. (1) may be
rewritten as:

Hj tð Þ ¼ H0 tð Þ*exp X’
itβþ εi

� � ð3Þ
Or,

Hj tð Þ ¼ H0:vi:exp X’
itβ

� � ð4Þ

Where vi = exp. (εi).
So, the frailty term acts multiplicatively on the hazard rate. The hazard rate is

conditional on both the covariates and the frailty. For identification purposes, it is
assumed that mean of v = 1 and the variance is equal to some unknown finite parameter
θ. Then the unobserved heterogeneity or frailty is modeled using a gamma distribution
and effectively the frailty variance θ is estimated. The hypothesis that θ = 0 may be
tested using a likelihood ratio test to determine whether unobserved heterogeneity is
something to worry about in the model.

This is equivalent to the inclusion of a random effects term in a standard panel data
model. In some specifications, I include a frailty term that is modeled parametrically
using the gamma distribution.16There is no hazard model equivalent to a fixed effect

15 Individuals with the same observed characteristics are not identical. The notion of unobserved heterogeneity
amounts to observations being conditionally different (heterogeneous) in terms of their hazards in ways that
are unaccounted for in the standard hazard model. In other words, some observations are more Bfrail^ than
others.
16 Competing risk models that include controls for unobserved heterogeneity and allow for correlation in the
unobserved heterogeneity across exit routes (semiparametric estimation) are presented in Butler et al. (1989)
and Canals-Cerdá and Gurmu (2007).

Table 3 Log likelihood and akaike information criterion for different parametric models
DISTRIBUTION ALL RISKS:

All Routes

COMPETING RISKS

Exit Route 1:

Complete Retirement

Exit Route 2:

Partial Retirement

Exit Route 3:

Part-time Work

Exit Route 4:

Unemployment

Exit Route 5:

Disability and Not in

Labor force

Log-

likelihood

AIC Log-

likelihood

AIC Log-

likelihood

AIC Log-

likelihood

AIC Log-

likelihood

AIC Log-

likelihood

AIC

Exponential -4441.75 8957.49 -2783.79 5641.58 -1786.91 3647.82 -1538.07 3150.14 -616.79 1307.59 -640.41 1354.82

Weibull -4182.89 7871.98 -2663.72 5185.80 -1747.70 3402.30 -1487.03 2985.92 -591.56 1254.86 -591.30 1253.54

Log normal -3897.99 8014.04 -2544.90 5233.87 -1663.15 3453.57 -1454.96 3027.67 -589.43 1258.58 -589.49 1255.00

Log logistic -3969.01 8441.77 -2578.93 5403.45 -1688.78 3571.40 -1475.84 3050.06 -591.28 1259.12 -589.56 1258.61

Generalized -3914.14 7997.98 -2547.44 5192.88 -1671.37 3440.73 -1465.74 2999.28 -589.97 1256.73 -591.23 1256.43
Gamma

The table shows the log likelihood and AIC for the different parametric models. The log normal has the
highest log likelihood across all exit routes and should be the best fitting model, but the Weibull has the lowest
AIC, hence is the most preferred one and used for estimating the baseline hazard in all subsequent regression
specifications
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panel data model. In the results section below, I investigate this potential limitation by
estimating standard linear probability models of retirement with both fixed and random
effects to see if there is a big different in the coefficients.17

Results

Controlling for Unobserved Heterogeneity in Hazard Models Vs. Panel Data
Models

I start by estimating a simple linear probability model of complete retirement using the
standard health measures from existing studies and only the first five waves of the HRS.18

Both fixed effect (FE) and random effect (RE) models are presented in panel A of Table 4.
These results suggest poor self-reported health, multiple ADL difficulties and chronic
diseases, heart disease and stroke lead to an increase in probability of complete retirement.
In this case, the Hausman-Wu test rejects the null hypothesis that the difference in the
coefficients in the FE and RE models is not systematic. This implies that the FE model
does a better job of controlling for unobserved heterogeneity. Panel B illustrates that
adding an additional five waves to the sample does not affect the coefficient estimates in a
major way, except that having psychological problem now leads to a statistically signif-
icant increase in probability of complete retirement. The Hausman-Wu test again rejects
the hypothesis that the RE and FE coefficients are the same.

As mentioned in Section 3.4, there are advantages associated with using the health
indices (factors) that come from a PCA to control for health status, rather than the limited
individual health measures typically used in the literature. Panel C includes the eight
health indices described in Section 3.4 rather than the typical health indicators from the
literature.19 When we use 10 waves of the HRS and include our PCA health indices to
measure individual health status, the Hausman-Wu test cannot reject the hypothesis of
equality of the RE and FE coefficients. Given that the RE and FE coefficients are so
similar in the linear probability model framework, I have confidence that the lack of a
fixed effects specification within a hazard model framework is not a serious limitation in
my subsequent analysis presented below. In other words, this implies that the individual
random effects (frailty) in my hazard model will control for the same unobserved factors
as would individual fixed effects.

17 The drawback of such fixed effects model is that it does not differentiate between full-time employment
spells of different duration.
18 Some of these studies are Dwyer and Mitchell (1999), McGarry (2004) and Miah and Wilcox-Gök (2007).
19 In both panels, B and C chronic conditions lead to a statistically significant increase in probability of
complete retirement. However, from the estimates in panel B it is only possible to say whether the presence of
multiple chronic conditions (dichotomous) affect the probability of complete retirement. However, panel C has
a more objective measure of chronic illness because Factor 1 includes information on the count of chronic
conditions based on medical diagnosis as well as information on intake of prescriptions drugs specific for
treating those chronic conditions. Similarly, in Panel B it is possible to state that presence of psychological
disorder (dichotomous) raises the probability of complete retirement. While in Panel C, factor 5 indicates a
high score on CESD scale (depression), having work-related stress and medically diagnosed psychological
disorder for which the individual also takes prescription medication, increases the probability of complete
retirement. Therefore, the panel C health factors are clearly more objective than the panel B standard health
measures.
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Table 4 Fixed and random effect estimates in linear model

(A) Using HRS
Waves (1992–2000)

(B) Using HRS
Waves (1992–2010)

(C) Using HRS
Waves (1992–2010)

FE RE FE RE FE RE

Health outcomes

Self-Reported Poor 0.053*** 0.061*** 0.088*** 0.093***

Health (0.015) (0.014) (0.011) (0.010)

Has Activity of Daily 0.030*** 0.024*** 0.040*** 0.051***

Living Difficulty (0.011) (0.007) (0.012) (0.012)

Has Multiple Chronic 0.070*** 0.040*** 0.030*** 0.015**

Conditions (0.017) (0.011) (0.007) (0.007)

Has High Blood Pressure 0.013 0.010 0.026 0.033

(0.012) (0.007) (0.007) (0.005)

Has Diabetes 0.021 0.027 0.011 0.026

(0.016) (0.009) (0.008) (0.007)

Has Heart Disease 0.043*** 0.036*** 0.026*** 0.038***

(0.014) (0.009) (0.008) (0.007)

Has Lung Disease 0.036 0.025 0.054** 0.044**

(0.023) (0.014) (0.012) (0.009)

Had Stroke 0.086*** 0.028 0.060*** 0.050***

(0.027) (0.018) (0.014) (0.012)

Has Cancer 0.023 0.001 0.027* 0.039*

(0.012) (0.009) (0.010) (0.007)

Has Arthritis 0.013 0.021 0.017 0.024

(0.018) (0.017) (0.007) (0.005)

Has Psychological 0.005 0.014 0.029** 0.019**

Problem (0.020) (0.013) (0.012) (0.009)

Health indices

Factor 1: Has Chronic Conditions 0.073*** 0.072***

(0.004) (0.003)

Factor 2: Has Functional Limitations 0.100*** 0.102***

(0.003) (0.003)

Factor 3: Hospital Stay 0.059 0.052

(0.004) (0.002)

Factor 4: Has Cognitive Disorders 0.121 0.119

(0.003 (0.003)

Factor 5: Has Depression 0.062*** 0.065***

(0.003) (0.002)

Factor 6: Lack of Physical Exercise 0.016*** 0.024***

(0.002) (0.002)

Factor 7: Has Cancer 0.015* 0.019*

(0.004) (0.003)

Factor 8: Has Lifestyle 0.021 0.011
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Hazard Model

The hazard ratios from parametric hazard model (Weibull) are reported for initial exit
and multiple exit models with and without frailty for combined risk competing risks
specification. Table 5 reports the hazard ratios for the health indices (factors) for both
the combined risk and competing risks specifications estimated without a frailty term
over all initial employment spells. The latent health stock variable has statistically
significant hazard ratios 0.845 and 0.796 for the combined risk model and the complete
retirement exit route, respectively. This implies an increase in one’s latent health stock
(i.e. better self-reported health) makes an individual 15.5% less likely to exit from full-
time employment in general and 20.4% less likely to exit via complete retirement route.
The functional limitations factor has statistically significant hazard ratios of 1.101,
1.136 and 1.278 (significant at 1% level) for the combined risk model, the complete
retirement exit route, and the disability/not in labor-force exit route, respectively. This
implies that multiple functional limitations (ADL difficulties) that limit mobility and
work, increase the probability of exit from full-time employment by 10.1% in general,
13.6% via the complete retirement exit route, and 27.8% via the disability exit route.
More generally, a hazard ratio for an independent variable greater than 1 implies that
the presence of (or an increase in) that variable leads to an increase in the likelihood of
an exit (i.e. worse chances of survival in full-time employment). The opposite is true if
the estimated hazard ratio is less than 1 (i.e. better chances of survival in full-time
employment). The magnitude of change is calculated as (1-Hazard Ratio). A positive
value would signify better chances of survival (lower likelihood of exit) while a
negative value would signify worse chances of survival (higher likelihood of exit).The
p-values are for the hypothesis test that the hazard ratio for the variable in question is
equal to 1 (i.e. no effect). The magnitudes of these effects can be difficult to interpret,
because they are relative probabilities. Therefore, the absolute effect20associated with
each independent variable area also reported. For each exit route, these absolute effects
can be compared to the average probability of exiting via that route.21 For example, the

20 Here Absolute Effect = Hazard Ratio * Average Exit Probability via that route. Average Exit Probabili-
ty = No. of Exits / (No. of Spells * Average Spell Length).
21 The average exit probabilities are reported at the bottom of Tables 5, 6, and 7, 7 and 8.

Table 4 (continued)

(A) Using HRS
Waves (1992–2000)

(B) Using HRS
Waves (1992–2010)

(C) Using HRS
Waves (1992–2010)

Behavioral Problems (0.009) (0.007)

OBSERVATIONS 18,428 18,428 32,707 32,707 32,707 32,707

This table shows the FE and RE regression results for effect of health on complete retirement for individuals
over 50 years of age and employed full-time in 1992. Panel A uses the first five waves of the HRS (similar to
exiting studies). Panel B uses another five additional waves. Both Panels A and B use the standard physical
and mental dichotomous health outcome measures used in existing studies. Panel C uses ten waves of the HRS
and the health indices (factors) created by PCA from twenty-eight health outcome variables. All panels control
for the socio-demographic variables reported in Table 2. Also controlling occupations, the wave dummies,
census regions, expected mortality and work and health status of spouse, which are not been reported here

The standard errors are reported in parentheses and, * p < 0.1, ** p < 0.05, *** p < 0.001
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absolute effect associated with the functional limitations factor in the combined risk
model suggests that an increase in functional limitations makes an individual 18.10%
more likely to exit from full-time employment, which is greater than the average exit
probability of 16.44% for every period. An increase in functional limitations also
makes an individual 9.58% and 1.08% more likely to exit via complete retirement
and disability routes respectively, which is higher than the average probabilities to exit
via those routes (8.44% and 0.85%, respectively) every wave. Other statistically
significant health factors include depression, risky lifestyle behavior like drinking and
smoking and cancer. It is observed that an increase in the cancer factors leads to a lower
probability of exit via any route in general and the complete retirement route in
particular.

In Table 6, I present the same models but estimate them using both initial and
subsequent employment spells (multiple exit model). While this increases the sample
size, it does not generate large changes in the coefficient estimates. Higher latent health
stock (better self-reported health) still makes an individual less likely to exit. For
physical health conditions, an increase in functional limitation factor makes an indi-
vidual more likely to exit via any route in general and via the complete retirement and
disability routes in particular. Among the mental health factors, an increase in depres-
sion raises the probability of exit via any route in general and through complete
retirement route in particular. It is interesting to note that cognitive functioning disor-
ders factor have no statistically significant effect on exit through the complete retire-
ment route, but an increase in problems related to cognitive functioning makes an
individual 1.12% more likely to exit via the disability route. Increase in risky behaviors
makes an individual 9.47% more likely while cancer makes one 7.78% less likely to
exit via the complete retirement route.

In Table 7, I re-estimate the models from Table 6 on the same sample, but now
include a frailty term in the model to control for unobserved heterogeneity (this
represents the most complete model).22 These results suggest that increase in latent
health stock makes an individual 13.72% less likely to exit from full-time employment
in general, 6.44% less likely to exit via complete retirement and 0.37% (significant at
1% level) less likely to exit via disability route. These are slightly lower than the
average probabilities associated with these exit routes. For the indices of physical
health, an increase in the functional limitations factor increases the likelihood of exit
from full-time work by 18.88% overall, by 9.50% for the complete retirement exit route
and by 1.07% for the disability exit route (significant at 1% level). These are higher
than the average exit probabilities associated with these exit routes (bottom of Table 7).
For mental health factors, an increase in depression factor increases the likelihood of
exit from full-time employment for an individual by 18.68% in general, 9.06% via the
complete retirement route (significant at 1% level), 0.90% via unemployment route
(significant at 5% level) and 3.04% via part-time work route (significant at 10% level).
Increases in cognitive problems factor have no statistically significant effect on the
likelihood of exit via complete retirement, but increases the likelihood of exit via the
disability exit route by 1.14% (significant at 1%). The risky behavior factor leads to
9.59% (significant at 1% level) and 4.82% (significant at 5% level) higher probability
of exit via complete retirement and partial retirement respectively, while the cancer

22 The initial exit model with frailty is presented in Appendix Table 12.
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factor leads 7.71% lower likelihood of exit via complete retirement. The likelihood
ratio test for the estimates reported in Table 7 rejects the null hypothesis of Bno frailty ,̂
which implies the existence of unobserved heterogeneity that needs to be accounted for.

The results from the parametric model are compared to the semi parametric Cox
proportional hazard model estimates to check for the consistency of the estimates.23 The
hazard ratios from the Weibull parametric model are directly comparable to the hazard
ratios reported in the Cox model. The hazard ratios obtained in the Cox proportional
hazard model, are qualitatively similar, consistent in statistical significance but slightly
smaller in magnitude for the different health indices for both combined risk and
competing risks case. The inference drawn about the effect of the health factors on
probability of exit from full-time employment for both Weibull and Cox models is
similar. Among physical health factors, functional limitation leads to higher likelihood
of exit via complete retirement and disability, with the magnitude of the effect being
much smaller for the disability route. While for mental health factors, depression leads
to higher likelihood of exit via complete retirement and unemployment while cognitive
problems lead to higher probability of exit via the disability route. Lifestyle risky
behavior also increases the likelihood of exit via complete retirement. In the Cox
proportional hazard model, unlike the parametric Weibull model, cancer does not
statistically significantly decrease the probability of exit from full-time employment
via complete retirement route.

As a robustness check, I examine the impact of changes in health outcomes
between waves, rather than simply looking at levels24 for the overall sample (i.e.
without splitting by age). Changes in self-reported overall health, counts of chronic
conditions, counts of functional limitations (ADL difficulties), and the onset of
memory related diseases between waves are considered.25 Extreme reductions in
these measures between waves serve as a proxy for exogenous changes in health.
The results suggest that a major reduction in overall self-reported health increases
the likelihood of exit from full-time employment via complete retirement, and
disability. Increases in counts of chronic conditions and onset of memory related
diseases, between waves increase the likelihood of exit via the complete retirement
and the disability exit routes. While increases in functional limitations between
waves have no statistically significant effect on exiting via complete retirement,
but increases the likelihood of exit via disability.

In summary, the overall sample results indicate that physical health problems
(functional limitations) lead to increases in the likelihood of exit from full-time
employment in general, which one can attribute to the increase in the likelihood of
exit via the complete retirement route and the disability route. The magnitude of
the effect is much smaller for the disability route. As for mental health problems,
depression increases the likelihood of exit via complete retirement, while cognitive
disorders increase the likelihood of exit via the disability exit route (with no
statistically significant effect on the likelihood of exit via complete retirement).

23 Cox-Proportional Hazard Model for multiple exits is reported in Appendix Table 13.
24 These results are reported in Appendix Table 14.
25 I define a reduction in overall self-reported health by flagging anyone that went from excellent to poor self-
reported health between waves. Similarly, I defined a reductions in health associated with ADL difficulties and
chronic conditions by flagging anyone that went from reporting a 0 to a 5 between waves. Finally, anyone with
an onset of a memory-related disease was flagged.
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Conclusion

This study contributes to the existing literature by empirically modeling the duration of
full-time employment of older Americans using a long panel from the Health and
Retirement Study. I distinguish between the different exit routes from full time em-
ployment and allow for multiple employment spells. Moreover, this study addresses the
inherent problem of the subjectivity of health measures in surveys by constructing
relatively objective comprehensive indices of physical and mental health that take into
account a wide variety of health indicators based on both medical diagnosis and
medication. The PCA method used for construction of the health factors (indices) is
not only an effective method of data reduction but also helps to get uncorrelated
explanatory variables (health factors). This is particularly important because physical
and mental health outcomes are likely to be highly correlated which can lead to
endogeneity problem and hence biased estimates. The PCA analysis helps to address
this issue although the causal effect of the constructed health factors is not strongly
established. Moreover, unlike existing studies, I am able to distinguish between
different dimensions of physical and mental health (functional limitations versus
chronic conditions and depression versus cognition) and their impact on continued
employment.

Consistent with the findings of most existing studies, the main inferences drawn
from the results of the most complete model (multiple spells with frailty) indicate that
better self-reported health decreases the likelihood of exit from full- time employment.
It is also found that physical and mental health problems are both impediments to
continued work. Few studies that have explored similar research question based on
HRS are divided in their findings. Dwyer and Mitchell (1999) find evidence that overall
poor health leads to early retirement plan among men. But few other studies like
McGarry (2004) and Miah and Wilcox-Gök (2007) find opposite results. McGarry
(2004) finds that poor health has very strong correlation with the decision to remain
employed. Similarly, Miah and Wilcox-Gök (2007) find that chronic illness is associ-
ated with higher probability of retiring later because individuals with chronic illnesses
are able to accumulate less assets over time. Given the lack of consensus in existing
literature it is useful to explore this association between health and retirement. The
findings of this paper are more informative. I am able to disaggregate the wide variety
of health outcomes and observe their differential impact on duration of full-time work.
Among physical health factors while functional limitations lead to a higher likelihood
of exit from full-time employment, incidence of cancer leads to a decrease in likelihood
of exit from full-time work. Among mental health factors, depression leads to an
increased likelihood of exit via complete retirement while cognitive problems have
no statistically significant impact. Moreover, due to the competing risks specification in
hazard analysis framework I am able to distinguish between different routes of exit i.e.
some health conditions may decrease the likelihood of continuing in full-time employ-
ment but need not imply full-retirement i.e. due to certain health problems like
depression an individual may exit from full-time work into part-time work or unem-
ployment while cognitive disorders leads to an increase in likelihood of exit from full-
time employments via disability route.

These results produce targets for policies that seek to improve the health of older
working Americans. Improving the health of older workers means they can be retained
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in the labor force for an extended period of time, which would result in decreased
training costs for replacement workers, the ability to maintain the experience and
productivity of these older workers, and the ability to defer their Social Security
benefits.

Limitations of the study stem from not being able to adequately mitigate the
existence of Bjustification bias^ although there are mixed empirical findings about
the existence and magnitude of such bias. It would also be important to include future
leads regarding health for the older workers, in addition to measuring past and current
health. This study has opened interesting possibilities for future research. For example,
it would be interesting to further investigate transitions in and out from full-time
employment to the different exit routes. This could indicate whether improvements in
health bring retirees (ones who have exited) back into the labor force full time.

Appendix 1

Latent Health Stock
The HRS has a variety of health measures. These include a subjective general

measure of individual’s self-reported health and relatively more objective mea-
sures of health based such as functional limitations (ADL difficulty), medical
diagnosis of chronic illnesses, body mass index and health care utilization which
are reported in Table 1. Although self-reported health has been widely used in
several studies based on survey data, it may be plagued with problems that lead
to bias. As discussed earlier in the paper the problems pertaining to self-reported
health are first, self-reported measures of health are based on subjective judg-
ments and there is no reason to believe that these judgments are comparable
across individuals. Second, since poor health may represent a legitimate reason
for a person of working age to be outside the labor force, respondents who are
not working may cite health problems as a way to rationalize behavior (the
Bjustification hypothesis^). The alternative to using self-reported health could be
substituting it by relatively more objective measures of health. 26 But these
measures may also be self-reported or assessed by the interviewer such that they
are not superior indicators of an individual’s health (Bound 1991). In order to
mitigate the problems associated with self-reported measure of individual health,
I have defined a latent health stock variable. Following Bound (1991) and
implemented in Bound et al. (1998), a model of self-reported health as a function
of relatively more objective measures of health (reported in Table 1) is estimated
to create a latent health stock.27 Then the predicted value for the latent health
stock is used as a regressor in hazard analysis.

I adopted the approach of Rice et al. (2010) and used an ordered probit model
to estimate self-reported health, where the ordered measure of self-reported
health (1 = poor, 2 = fair, 3 = good or very good and 4 = excellent) is regressed

26 Dwyer and Mitchell (1999), McGarry (2004) and Miah and Wilcox-Gök (2007)
27 This approach has been used in studies like Disney et al. (2006) that uses objective health indicators as well
as other personal characteristics and Jones et al. (2010) which uses only the objective health indicators, in
creating the latent health stock.
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on 16 relatively more objective physical and mental health explanatory variables
and healthcare utilization. The predicted value of the outcome from this estima-
tion is the latent health stock variable which is used as a regressor in propor-
tional hazard model in the main body of the paper. Accordingly, a lower level of
health status is given by a smaller value of the latent health stock while a higher
level of health status is given by a larger value of the latent health stock.
Table 15 presents the marginal effects of the objective health measures for the
four different responses (cut points) for self-reported health in an ordered probit
model. All objective measures have a statistically significant impact on an
individual’s self-report of health but each measure weighs differently across the
four response categories. In Table 15, column (1) positive marginal effects imply
incidence of functional limitations, chronic conditions, depression, higher BMI,
more nights spent at hospital, more doctor office visits and higher out of pocket
medical expenditure will increase the probability with which an individual is
predicted to be in the lowest health category (poor). Similarly, in column (4) the
negative marginal effects signify incidence of functional limitations, chronic
conditions, depression, higher BMI, more nights spent at hospital, more doctor
office visits and higher out of pocket medical expenditure will increase the
probability with which an individual is predicted to be in the highest health
category (excellent). The same holds true for the marginal effects in the other
columns. An increase in latent health stock implies a change from prediction of
poor health to better health.

Principal Component Analysis (PCA).
Principal components analysis is a method for detecting a small number of

uncorrelated variables, called Bprincipal components^, from a large dataset. The
objective of principal components analysis is to explain the maximum amount of
variance with the minimum number of principal components. PCA analyzes a
dataset representing observations described by several variables, which are, in
general, inter-correlated. Its goal is to extract the important information from the
data and to express this information as a set of new orthogonal variables called
principal components. The primary goal of principal component analysis is data
reduction and addressing multicollinearity. It is a non-parametric technique which
has an underlying weakness- data reduction due to PCA leads to loss of informa-
tion. The association between the components and the original variables is called
the component’s eigenvalue. In multivariate analysis, the correlation between the
component and the original variables is called the component loadings (factor
loadings) which are analogous to correlation coefficients, squaring them give the
amount of explained variation. Therefore the component loadings tell us how much
of the variation in a variable is explained by the component.

In this paper, the main purpose of using principal component analysis is to
lend more objectivity to health measures. According to the theory of health
production function, an individual’s health is a durable good which depends on
several factors, some of which may be influenced by an individual. Hence health
status of an individual does not solely depend on incidence of physical and
mental diseases but on factors like utilization of healthcare inputs, lifestyle
behavioral practices, job characteristics, genetic elements etc. Accordingly, I
use twenty-eight interrelated variables that are likely to influence the health
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status of an individual. These variables are reported in Appendix Table 11. In
addition to the standard physical and mental health measures (which includes
ADL difficulties, other mobility difficulties, chronic illnesses, depression and
cognitive problems), I have included information on memory related diseases
(Dementia and Alzheimer), healthcare utilization (hospital stay, nursing home
stay, doctor office visits and out of pocket medical expenditure), lifestyle factors
(smoking, drinking behavior, exercising), job related characteristics (stress, phys-
ical effort at work) and genetic information (proxied by average age of parents).
From variables, PCA yields 28 factors or principal components. Out of these 28
extracted components only eight with Eigen value greater than 1 are retained
(reported in Appendix Table 10). This is known as the BKaiser-Gutman^ Rule.
The sum of all Eigen values is equal to number of included variables. In
Table 10, ‘Difference’ column shows the difference in two consecutive Eigen
values. ‘Proportion’ represents the relative weight of each factor in the total
variance. For example Factor 1 (Chronic Condition Factor) explains 13% of the
total variance. ‘Cumulative Proportion Explained’ shows the amount of variance
explained by n + (n-1) factors. For example Factor 1 (Chronic Conditions Factor)
and Factor 2 (Functional Limitations) explain 22% of total variance. Similarly
the eight chosen factors together explain 54% of the total variance. Table 11
shows the pattern matrix which gives a clearer picture of the relevance of each
variable in a factor. Factor loadings are the weights and correlations between
each variable and the factor. The higher the load the more relevant is the variable
in defining the factor’s dimensionality. A positive sign indicates a positive
relation between the variable and the factor and a negative value indicates an
inverse impact on the factor. Uniqueness is the variance that is ‘unique’ to the
variable and not shared with other variables. Each factor is named keeping in
mind the variables that load heavily in them. As illustrated in Appendix Table 11,
number of chronic conditions load most heavily in Factor 1. Number of ADL
difficulties and Mobility Difficulties define Factor 2, but the former has higher
loading or correlation with the factor. Hence ADL difficulties are more important
that mobility difficulties. Similarly, nights spent at hospital and nursing home
define Factor 3, incidence of memory related diseases (Dementia and Alzheimer)
and total cognition score defines Factor 4. The heaviest factor loadings for each
factor are shaded in grey in Appendix Table 11.

These factors are orthogonal to each other which means they are not corre-
lated to each other. Based on factor loadings I have labeled the factors as Factor
1: Has chronic conditions, Factor 2: Has functional limitation, Factor 3: Hospital
stay, Factor 4: Has cognitive functioning problems, Factor 5: Has depression,
Factor 6: Lack of physical exercise, Factor 7: Has cancer, and Factor 8: Has
lifestyle behavioral problems. Principal components are used because several
variables together rather than alone define an interpretable concept. The predict-
ed value of the factors are then used in hazard analysis. Without using PCA it
would not be possible to disentangle the causal effect of the health measures
since they are highly interrelated. Although uncorrelated factors created through
PCA are valuable for empirical model in the paper, there are limitations like loss
of information due to aggregation and difficulty in interpretation of regressions
coefficients.
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Appendix 2

Table 8 Frequency distribution for spells (1992–2010)

Spells Frequency Percent Cumulative

Starting in Wave 1 4,128

Adds 740

26.73 95.21

Starting in Wave 2 166 1.07 96.28

Starting in Wave 3 127 0.82 97.11

Starting in Wave 4 92 0.6 97.7

Starting in Wave 5 94 0.61 98.31

Starting in Wave 6 90 0.58 98.89

Starting in Wave 7 70 0.45 99.35

Starting in Wave 8 65 0.42 99.77

Starting in Wave 9 36 0.23 100

Total Spells 4,868

Total Observations (person-waves) 15,442

Still Working Full-Time (person-waves) 10,574

Using data from the Health and Retirement Study (1992–2010) spells of full-time employment are set up for
4128 individuals, at least 50 years of age and working full-time in 1992. Exits are first considered absorbing
state- single time exits such that there are 4128 unique spells of full-time employment for 4128 individuals. On
considering multiple exits from full-time work, another 740 spells are added later such that there are 4868
spells of full-time employment

Table 9 Kaplan meir baseline hazard rates by different exit routes

Waves Year All
risks:
A l l
routes

Competing risks

Exit route 1:
Complete
retirement

Exit route 2:
Partial
retirement

Exit Route 3:
Part-time work

Exit Route 4:
unemployment

Exit Route 5:
Disability and
Not in labor
force

1 1992 21.5% 9.6% 5.4% 5.7% 1.6% 1.6%

2 1994 22.8% 10.8% 5.6% 3.5% 1.1% 1.8%

3 1996 23.8% 13.0% 6.6% 2.3% 0.6% 1.1%

4 1998 26.4% 15.1% 7.6% 2.7% 0.5% 0.7%

5 2000 29.6% 17.1% 8.4% 4.6% 0.7% 0.8%

6 2002 33.4% 18.8% 10.4% 3.6% 0.6% 0.1%

7 2004 33.9% 18.5% 10.6% 4.3% 0.1% 0.5%

8 2006 28.9% 13.2% 9.4% 3.8% 2.1% 0.4%

9 2008 32.1% 16.8% 10.2% 2.2% 2.2% 0.7%

The table represents the baseline hazard rates associated with different kinds of exits- all routes (all risks)
lumped together versus five different routes of exit (competing risks) over time. The cumulative hazard rate for
exit from full-time employment via any route in general as well as individual routes increases over time. This
is distinctly observed for complete retirement and partial retirement
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Table 10 Principal component analysis

Factor Eigen Value Difference Proportion Cumulative

Proportion

Explained

Factor1

Factor2

Factor3

Factor4

Factor5

Factor6

Factor7

Factor8

3.57

2.54

2.42

1.22

1.17

1.12

1.02

1.02

0.98

0.97

0.94

0.93

0.86

0.83

0.82

0.81

0.77

0.76

0.75

0.70

0.70

0.61

0.52

0.32

0.30

0.21

0.12

0.01

1.03

0.12

0.20

0.05

0.05

0.09

0.01

0.03

0.01

0.03

0.01

0.07

0.03

0.01

0.02

0.04

0.01

0.01

0.05

0.01

0.09

0.09

0.20

0.02.

0.09

0.09

0.10

0.13

0.09

0.09

0.08

0.04

0.04

0.04

0.04

0.04

0.04

0.03

0.03

0.03

0.03

0.03

0.03

0.03

0.03

0.03

0.03

0.03

0.02

0.02

0.01

0.01

0.01

0.00

0.00

0.13

0.22

0.30

0.38

0.43

0.47

0.50

0.54

Factor9

Factor10

Factor11

Factor12

Factor13

Factor14

Factor15

Factor16

Factor17

Factor18

Factor19

Factor20

Factor21

Factor22

Factor23

Factor24

Factor25

Factor26

Factor27

Factor28

0.57

0.61

0.64

0.67

0.71

0.74

0.76

0.79

0.82

0.85

0.88

0.90

0.93

0.95

0.97

0.98

0.99

1.00

1.00

1.00
From twenty eight diverse health outcome variables. Eight factors with Eigen value greater than 1 are
generated using Principal Component Factor Analysis which is used to create the health indices used as
explanatory variable in the hazard model

Proportion indicates the relative weight of each factor in the total variance. For example Factor 1 (Chronic
Condition Factor) explains 13% of the total variance

Cumulative Proportion Explained shows the amount of variance explained by n + (n-1) factors. For example
Factor 1 (Chronic Conditions Factor) and Factor 2 (Functional Limitations) explain 22% of total variance.
Similarly the eight chosen factors together explain 54% of the total variance
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Table 11 Principal component analysis- rotation (pattern matrix)

INCLUDED VARIABLES Factor1 Factor2 Factor3 Factor4 Factor5 Factor6 Factor7 Factor8 Uniqueness

Self-Reported Health 0.25 0.29 0.12 0.33 0.14 -0.15 0.03 0.07 0.29

No. of ADL Difficulties -0.15 0.76 0.01 0.01 -0.03 -0.01 0.09 -0.04 0.47

No. of Mobility Difficulties 0.05 0.72 0.01 0.00 0.10 -0.20 -0.07 0.01 0.38

Whether Health Limits Work 0.01 0.60 0.18 -0.05 -0.01 0.09 -0.05 0.03 0.57

No. Of Chronic Conditions 0.96 -0.04 0.07 -0.03 0.06 -0.02 0.15 0.00 0.02

Has High BP 0.69 -0.16 -0.02 -0.01 -0.08 -0.35 -0.05 -0.01 0.44

Has Diabetes 0.34 -0.12 0.15 0.20 -0.06 -0.31 0.03 0.01 0.60

Has Heart Disease 0.35 0.05 0.50 -0.11 -0.07 0.20 -0.12 0.06 0.51

Has Lung Disease 0.36 0.05 0.04 -0.03 0.08 0.41 -0.10 0.20 0.60

Had Stroke 0.12 -0.08 0.50 0.01 0.01 0.05 -0.23 -0.12 0.24

Had Cancer 0.18 -0.06 -0.08 -0.05 -0.06 0.05 0.77 0.06 0.39

Has Arthritis 0.62 0.20 -0.30 -0.08 0.06 0.10 0.10 -0.08 0.46

Has Psychological Problem 0.25 -0.12 -0.10 0.04 0.58 0.19 0.17 -0.03 0.51

Depression -0.08 0.20 -0.06 0.32 0.62 -0.06 -0.05 -0.03 0.46

Total Cognition Score 0.06 0.02 0.01 -0.77 -0.05 0.03 0.06 -0.10 0.43

Alzheimer’s 0.13 0.02 0.01 0.69 0.18 0.02 0.06 0.11 0.33

Dementia 0.11 0.01 0.01 0.71 0.12 0.02 0.02 0.06 0.31

BMI 0.28 0.25 -0.15 0.02 -0.21 0.54 -0.07 -0.12 0.46

Out of Pocket Expenditure -0.02 -0.14 0.35 0.00 0.23 -0.13 0.27 -0.04 0.65

No. of Nights Hospital Stay 0.07 0.13 0.68 -0.01 -0.09 0.07 0.10 0.02 0.51

No. of Doc Visits 0.07 0.25 0.26 -0.10 -0.01 0.01 0.53 0.06 0.49

No. of Nights Nursing Home Stay 0.05 0.10 0.67 -0.02 -.0.05 0.04 0.19 0.01 0.38

Ever Smoked 0.02 -0.03 0.04 0.25 -0.04 0.07 0.01 0.79 0.35

Drinks Alcohol -0.07 0.02 -0.09 -0.26 -0.06 -0.12 0.06 0.65 0.46

Does Vigorous Physical Activity 0.01 -0.09 0.07 0.15 -0.20 -0.56 0.07 -0.19 0.54

Has Stress At Work -0.01 0.03 -0.01 -0.31 0.57 -0.05 -0.23 -0.07 0.40

Job Requires Physical Effort -0.02 0.03 -0.13 0.50 0.01 0.25 -0.07 -0.09 0.57

Average Age of Parents -0.01 -0.02 -0.01 0.01 0.02 0.01 -0.05 0.01 0.11

Information on chronic conditions and specific mental problems are based on medical diagnosis in previous
two years and intake of prescription drug for the same. The shaded cells show the health variables that load
heavily in the respective factors. The sign of the respective variables in each factor indicates how they weigh in
that factor. A positive sign indicates a positive relation between the variable and the factor while a negative
sign indicates an inverse relationship. Each factor is named keeping in mind the variables that load heavily in
them. These factors are orthogonal to each other which means they are not correlated to each other
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Table 15 Ordered probit regression of self-reported health (marginal effects)

Variables Self-reported
health = 1

Self-reported
health = 2

Self-reported
health = 3

Self-reported
health = 4

Has ADL difficulty 0.0160*** 0.00507*** −0.0166*** −0.00838***
(12.93) (12.79) (−12.99) (−12.92)

Has multiple chronic conditions 0.0154*** 0.00486*** −0.0159*** −0.00804***
(5.986) (5.961) (−5.989) (−5.985)

Has high BP 0.0337*** 0.0107*** −0.0347*** −0.0177***
(10.95) (10.63) (−10.94) (−10.84)

Has diabetes 0.0662*** 0.0115*** −0.0665*** −0.0293***
(18.60) (29.68) (−19.10) (−21.67)

Has lung disease 0.0656*** 0.00925*** −0.0656*** −0.0279***
(15.42) (24.89) (−15.96) (−18.84)

Has heart disease 0.0638*** 0.0130*** −0.0645*** −0.0293***
(18.88) (27.16) (−19.27) (−21.18)

Had stroke 0.00871** 0.00253** −0.00896** −0.00441**
(2.159) (2.360) (−2.168) (−2.225)

Has arthritis 0.0169*** 0.00545*** −0.0175*** −0.00891***
(5.476) (5.349) (−5.468) (−5.430)

Has cancer 0.0290*** 0.00711*** −0.0296*** −0.0139***
(8.178) (11.02) (−8.277) (−8.887)

BMI 0.000860*** 0.000272*** −0.000887*** −0.000449***
(5.752) (5.715) (−5.748) (−5.749)

Has depression 0.0334*** 0.0105*** −0.0344*** −0.0174***
(68.22) (44.66) (−69.04) (−65.24)

Total cognitive index score −0.00683*** −0.00216*** 0.00705*** 0.00357***

(−42.25) (−33.83) (42.07) (41.36)

Has psychological problem 0.00198*** 0.00645*** −0.0981*** −0.1025***
(5.56) (5.66) (−4.87) (−5.92)

No. of nights at hospital 0.0306*** 0.0117*** −0.0319*** −0.0173***
(16.28) (13.53) (−16.12) (−14.98)

No. of Doc visits 0.0183*** 0.00597*** −0.0189*** −0.00968***
(11.65) (11.10) (−11.63) (−11.47)

Out of pocket medical expenditure 0.0376*** 0.0119*** −0.0388*** −0.0197***
(23.39) (21.68) (−23.40) (−23.13)

No. of observations 15,442 15,442 15,442 15,442

T statistics are reported in parentheses and * p < 0.1, ** p < 0.05, *** p < 0.0
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