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Abstract

We investigate occupation-specific aging patterns before and after retirement and test
the level and rate effects of occupation predicted by the health capital model and the
health deficit model. We use five waves of the Survey of Health, Aging, and Retirement
in Europe (SHARE) and construct a frailty index for elderly men and women from
10 European countries. Occupational groups are classified according to low vs. high
education, blue vs. white collar, and high vs. low physical or psychosocial job burden.
Controlling for individual fixed effects, we find that, regardless of the classification
used, workers from the first (low-status) group display more health deficits at any
age and accumulate health deficits faster than workers from the second (high-status)
group. We instrument retirement by statutory retirement ages (‘“normal” and “early”)
and find that the health of workers in low-status occupations benefits greatly from
retirement, whereas retirement effects for workers in high-status occupations are small
and frequently insignificant. In support of the health deficit model, we find that the
health status of individuals from low- and high-status groups diverges before and after
retirement.
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1 Introduction

Some occupations exert a higher toll on human health than others. In this paper, we
investigate in a unified framework how job characteristics affect health and aging
before and after retirement. The related literature (discussed below) usually addresses
these problems separately: it investigates the effects of occupation or the effects of
retirement and focuses on the stafe of health. Here, we focus on the process of physio-
logical aging, i.e., the deterioration of health with chronological age, before and after
retirement.

Our holistic approach to the aging process of elderly individuals makes it possible
to test predictions of health economic theories on the development of health over the
human life cycle and how aging is shaped by occupational health burdens. Specifically,
we investigate predictions of the health capital model (Grossman 1972) and the health
deficit model (Dalgaard and Strulik 2014). The health capital model assumes that
individuals accumulate a health capital stock that is subject to (perhaps age-dependent)
depreciation. It predicts that the health of healthy persons (endowed with much health
capital) deteriorates faster than that of less healthy persons of the same age because in
every time increment healthy persons lose more health capital due to depreciation. The
health deficit model, in contrast, considers human aging as a self-productive process
of health deficit accumulation, which means that existing health deficits are conducive
to the development of more health deficits during the next time increment. The health
deficit model predicts that unhealthy persons age faster in physiological terms than
healthy persons of the same chronological age.

The effects of occupation on the process of aging have been studied by Case and
Deaton (2005). We follow their approach by assuming that the health burden from
occupation may exert a level effect or a rate effect on health. A level effect means that
taking up a burdensome occupation reduces the state of health. A rate effect means
that working in a burdensome occupation increases the speed at which health deterio-
rates with chronological age. Likewise, we conceptualize retirement as the removal of
occupation-specific level or rate effects. The removal of an occupation-specific level
effect means a “spontaneous” change in the state of health at or shortly after retire-
ment. The removal of an occupation-specific rate effect means that retirement changes
the speed at which health deteriorates.

The health capital model predicts that the health status of workers converges before
retirement if occupation exerts a level effect on health (Case and Deaton 2005) and
that the health status of workers from different occupations always converges after
retirement. The health deficit model, in contrast, predicts that health status of workers
diverges before retirement, irrespective of whether occupation exerts a level or rate
effects on health. The health status of workers from different occupations is predicted
to diverge further after retirement, unless retirement leads to the full recovery of the
occupation-specific loss of health. We develop these predictions in more detail in
Section 2.

Identifying processes of converging or diverging health status is important beyond
the assessment of health economic theories. It is relevant for policy makers designing
social insurance systems. For example, the level of accumulated health deficits is
strongly associated with mortality (e.g., Mitnitski et al. 2002; Hosseini et al. 2022;
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Dalgaard et al. 2022). Designing fair pension policies (where lifelong contributions
match expected benefits) is less challenging if occupation-specific health differences
depreciate after retirement, rather than if they continue to widen (Grossmann et al.
2002).

In order to measure biological aging and how it is affected by occupation and
retirement, we follow an established method in gerontology (Mitnitski et al. 2001;
Searle et al. 2008) and construct a frailty index (health deficit index). The index counts
the number of health deficits that a person has at a given age relative to the number
of potential health deficits. Health deficits include serious disabilities as well as mild
illnesses that relate to the aging process. We then use information on retirement to
construct a dummy variable that indicates whether an individual is retired. For this
purpose, we employ the Survey of Health, Aging, and Retirement in Europe (SHARE)
which contains health-related information, as well as retirement and the life-history
of individuals.

We use the log of the frailty index as the dependent variable and age and retirement
as the explanatory variables. In order to assess occupation-specific health effects that
operate independently of the personal characteristics of workers, we exploit the panel
dimension of the data and control for individual fixed effects. In order to account for
the potential endogeneity of retirement we instrument it with two dummy variables
that indicate whether an individual has reached the early or normal statutory retirement
ages, in a similar vein to Mazzona and Peracchi (2012; 2017). We first split the sample
according to educational level, with 11 years of schooling as the threshold. We next
consider the last job as reported in the SHARE dataset and, following Mazzona and
Peracchi (2017), we classify jobs as being demanding or not in three different ways:
overall job burden; physical job burden; and psychosocial burden. Finally, we classify
occupations into white and blue collar jobs.

We find that individuals in low-status occupations display more health deficits at any
age before and after retirement. This difference is observed for low vs. high education
individuals, individuals in blue vs. white collar occupations, individuals in occupations
of high vs. low physical burden, and for individuals in occupations of high vs. low
psychosocial burden. We also find that retirement leads to areduction of health deficits,
which is statistically significant and large for individuals from low-status occupations
and small and frequently insignificant for individuals from high-status occupations.
The only “anomaly” is that we also observe large health benefits from retirement
for women in white collar occupations. Most importantly, we find that individuals in
low-status occupations develop new health deficits faster before and after retirement.
In other words, we find evidence for diverging aging processes across occupational
groups.

Our study is inspired by the work of Case and Deaton (2005) who also emphasize
the dynamic process of aging but focus mainly on the working life. Using self-reported
health from the National Health Interview Surveys (NHIS), they observe a health-cost
especially of low-paid or manual work such that workers in these occupations have
both lower health status and more rapidly deteriorating health. The authors conclude
that the observation of a widening occupational health gap as workers become older is
hard to reconcile with Grossman’s (1972) health capital model. In their cross-sectional
study, Case and Deaton control for a wide array of potentially confounding variables
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and argue that they provide “prima facie evidence for the existence of occupational
specific health effects that operate, at least in part, independently of the personal
characteristics of the workers” (p. 199). We try to improve on this state of affairs by
using panel data and controlling for individual fixed effects, i.e., we investigate the
individual aging process of workers in specific occupational groups and control for
unobserved heterogeneity at the individual level. We also refine the health metric by
replacing the crude measure of self-reported health with the gerontologically founded
frailty index.

Our study is also related to the influential work of Michael Marmot (and coauthors).
Initially based on longitudinal studies of British civil servants and then extended in
other directions, Marmot argues that occupational status is mainly associated with
health status because of occupational stress, social position, and sense of being in
control of one’s life (e.g., Marmot et al. 1991, 1997; Marmot 2005). We contribute to
this line of research by investigating the impact of psychosocial job burden on health
deficit accumulation and by showing that it is as large, if not larger, than the impact
of physical job burden.

More recent work by Fletcher et al. (2011) constructs measures of physical demands
and environmental stress of job characteristics for a sample of US households and
finds negative effects on self-reported health for individuals working in jobs with high
physical demands or harsh conditions, in particular for women and older workers.
Gueorguieva et al. (2009) investigate self-rated health for a sample of older workers
from seven waves of the Health and Retirement Survey (HRS) and find health effects
of occupation on the level of health but not on the speed of aging. Kelly et al. (2014)
investigate occupational effects on health behavior and find that blue collar work early
in life is associated with increased probabilities of obesity and smoking, and decreased
physical activity later in life. Ravesteijn et al. (2018) investigate health satisfaction in
a panel of German workers. Controlling for selection by lagged health, they find level
and rate effects on health of blue collar work, as well as of physical strain and low job
control. Morefield et al. (2012) investigate health transitions and observe that workers
in physically more demanding jobs are more likely to transit from good to bad health
but do not have different probabilities of health improvements.

In the rich literature on the effects of retirement on health, many but not all studies
suggest that retirement improves health. Coe and Zamarro (2011) are perhaps the first
who exploit statutory retirement age as an instrument for retirement. Using data for a
sample of countries from the first wave of SHARE, they find a large positive impact of
retirement on self-reported health as well as on an index of objective health measures.
They also find, surprisingly, that age has only a small effect on health and no evidence
for a non-linear age-health relationship. A limitation of the cross-sectional study is
certainly that it cannot consider the aging process of individuals and that it cannot con-
trol for individual heterogeneity by including individual fixed effects. Behncke (2012)
uses data for England and a propensity score matching methodology and finds that
retirement significantly increases the risk of suffering from chronic conditions such as
cardiovascular diseases and cancer. Insler (2014) uses panel data from the HRS and
self-reported predictions of working past ages 62 and 65 as instruments. He observes
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a large positive impact of retirement on individual health measured by a health index
comprising objective and subjective health indicators. Eibich (2015) uses a regression
discontinuity design and financial incentives in the German pension system and finds
that retirement improves subjective health status at the individual level, which is par-
ticularly strong for low-skilled individuals. The study also suggests several channels
of health behavior by showing that retirement leads to less smoking, more sleep and
physical activity. Finally, evidence for Scandinavian countries is provided by Grotting
and Lillebo (2020), who show that retirement benefits a composite physical health
score of individuals in Norway (especially those with low socioeconomic status); and
by Hagen (2018), who finds no evidence of retirement affecting mortality in Sweden.

Mazzonna and Peracchi (2017) consider the first two waves of SHARE data and
merge individuals’ last occupation with indices of overall, physical and psychoso-
cial job burden from Kroll (2011), i.e., the indices that we will also employ in our
study. In first-difference regressions and instrumenting by statutory retirement age,
the study finds a positive effect of retirement on a health index of male workers in
physically demanding jobs but no such effect for women or individuals in jobs with
low or median physical burden. Gorry et al. (2018) use panel data from the Health
and Retirement Study, instrument several measures of social security by eligibility,
and find that retirement improves self-reported health but not the number of diagnosed
health conditions. Leimer (2017) uses fives waves of the SHARE data, instruments
by statutory retirement age, and finds a positive impact of retirement on self-assessed
health as well as on other health indicators. Workers in blue collar or in physically
demanding jobs, however, are not found to benefit more from retirement in terms of
self-assessed health (albeit in terms of mobility limitations and grip strength).

A comprehensive review of the literature on the health effects of retirement, pro-
vided by Garrouste and Perdrix (2022), concludes a consensus view that retirement
leads to better self-reported health while results for effects on physical health and mor-
tality are mixed and frequently insignificant (the meta-analytical study by Filomena
and Picchio (2022) and the unified analysis of Nishimura et al. (2018) arrive at simi-
lar conclusions). Given that individuals correctly perceive that their health improved
through retirement, the question arises why these improvements are not picked up
by indicators of physical health and mortality. One explanation is that these indica-
tors are too coarse. Our approach using a long-term longitudinal approach and the
multi-dimensional frailty index resolves these problems. The high dimensionality of
the index makes it possible to measure effects on mild health deficits and physical
limitations that go unnoticed in studies that focus on one- or low-dimensional health
indicators. Initially mild improvements are amplified (due to the self-productivity
of health deficits) and measured as a slowdown in the development of further health
deficits. These effects may remain unnoticed in studies focusing on a narrow time win-
dow around the age of retirement. Suppose an individual suffers from work-related
back pain that goes away after retirement. This induces the individual to exercise more
after retirement and to develop other chronic and eventual lethal diseases later in life.
Such life cycle trajectories are estimated in our study using the frailty index and a
long-term longitudinal approach.

The remainder of the paper is organized as follows. In the next section we provide
the theoretical background for the discussion of occupational effects on aging before
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and after retirement. In Sections 3 we describe the data used and the empirical strategy.
In Sections4 we present and discuss the results. Section 5 concludes the paper.

2 Aging before and after retirement: theory
2.1 Two models of health over the life cycle

In order to derive testable hypotheses from a theoretical background, we consider
stylized versions of the health capital model (Grossman 1972) and the health deficit
model (Dalgaard and Strulik 2014). To generate a comparable situation, we impose
a ceteris paribus assumption and consider two individuals of the same age and state
of health at the time of entry into the workforce. In both types of health models it is
usually assumed that the evolution of health depends also on health behavior (health
investments, consumption of unhealthy goods etc.). These features are omitted here to
isolate the direct health effects of occupation in bare-bones versions of the models, in
which the state of health depends only on age, work status, and the physical or mental
burden of the job.

The health capital model conceptualizes aging as loss of health capital, which
depreciates at a certain rate (§) as individuals grow older such that H(t + 1) =
(1 —&8(¢))H(t), in which H () is the health capital stock at age ¢. The depreciation
rate 6(#) may be constant or increasing in age.

The health deficit model captures a stylized fact from gerontology, namely that
individuals accumulate health deficits as they grow older: D(t 4+ 1) = (1 + u)D(¢),
in which D(t) are health deficits at age 7, and p is the rate of aging. This formulation
implies that health deficits are self-productive: individuals with many deficits develop
new deficits more quickly.

The self-productive nature of health deficit accumulation has been established in
the gerontological literature (e.g., Mitnitski et al. 2006) and, more recently, also in
economics (Hosseini et al. 2022). Expressed in continuous time, health deficits are
accumulated as dD/dt = puD. The solution of the differential equation implies that
health deficits grow exponentially, i.e., at constant rate with age, D(¢) = exp(ut)D,
with initial deficits D. The gerontological literature has provided ample evidence
for exponential accumulation of deficits at a rate between 2 and 5% per year (e.g.,
Mitnitski et al. 2002; Mitnitski and Rockwood 2016; Abeliansky and Strulik 2018a, b;
Abeliansky et al. 2020). The self-productivity of health deficits has a micro-foundation
in theoretical biology, based on reliability theory (Gavrilov and Gavrilova 1991) and
network models of human aging (e.g., Rutenberg et al. 2018).!

! The basic notion is that organisms consists of interacting and redundant elements (organs, cells, etc.).
Depletion of redundancy explains the aging of organisms that consists at the lowest level of non-aging ele-
ments (atoms). To see this, consider an organ consisting of non-aging elements (i.e., with age-independent
probability to expire), assume that the organ is functioning as long as at least one of its elements is func-
tioning, and conclude that the survival probability of the organ declines with age. Taking into account that
the functionality of elements depends on the functionality of neighboring elements then creates complex
organisms with a self-productive increase of health deficits and exponentially increasing frailty index and
mortality rate, see, e.g., Rutenberg et al. 2018.
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2.2 Occupation and health capital

As explained in the Introduction, we follow Case and Deaton (2005) and explore
two alternative ways how occupation may affect health: level effects and rate effects.
Consider first the case of a level effect. Then, the health capital model implies that
health differences across occupations are largest for young workers. This feature has
first been emphasized by Muurinen and Le Grand (1985) with respect to social classes.
Intuitively, the argument is that the component of health decline that reflects biological
aging (rather than occupational effects) is small for young workers and large for old
workers (Case and Deaton 2005). Formally, consider two individuals who enter the
workforce at age ¢ with health capital H. Worker A experiences no health damage
from work, while worker B suffers from the health burden » > 0 of the occupation.
As a level effect, job burden reduces health capital by factor (1 — b). Suppose, for
simplicity, that § is constant. The difference of health capital stocks at age T is then
givenby Hy(T) — Hg(T) = (1 -8)T"H—-(1-8)T"H1—-b)=(1-8T""bH.
The model predicts convergence of health status: the difference of health status is
initially largest and then depreciates as both individuals grow older and suffer from
“normal” aging. If health depreciation were age-dependent, the depreciation effect of
alevel effect would be smaller at young ages and even greater at old ages. Convergence
would be faster than for an age-independent depreciation rate.

If occupation exerts a rate effect, the health capital model provides ambiguous
predictions for aging before retirement. To see this, assume the simplest case of a
constant rate of health capital depreciation. Consider two individuals, A and B, which
share the same age and initial health status and assume that depreciation of health is
larger for individual B. Then, the difference between the individual’s health capital
stock is H [(1 —84)" — (1 — 8p)"], which assumes a maximum at age t = *,

N 1—46p 1 —364

"= (1 _6A>/log<1_83>.
The state of health of workers diverges before age t* and converges after age r*.
Allowing for age-dependent depreciation rates preserves the ambiguity.

We conceptualize retirement as the elimination of work-related health conse-
quences. Retirement has potentially many other health relevant aspects (increasing
leisure, loss of social contacts etc.). These aspects, however, do not dependent sys-
tematically on occupational health burden and are thus not in the focus of our study.
Consider two workers A and B who retire at the same age R. Regardless of whether
work exerted a level or rate effect on health, the worker who experienced the greater
occupational health burden, say, B, thus retires with a smaller stock of health capi-
tal. After retirement, the self-depleting feature of health capital depreciation implies
that the health differences between retirees disappear. Specifically, the difference of
health capital is Ha(T) — Hp(T) = (1 — 8)T"RH,A(R) — (1 — )T RHp(R) =
(1 —8T-R(H4(R) — Hp(R)). The health difference is largest at retirement age and
depreciates away as individuals grow older. The health capital model predicts con-
vergence of the state of health after retirement. This conclusion is independent from
whether depreciation is age-dependent or not.
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2.3 Occupation and health deficits

The health deficit model, generally predicts that occupational health differences
become larger as workers grow older. Consider two workers of the same age, A and
B, with health deficits D before entry into the workforce and a level effect on health
deficits of size b only for worker B. Health deficits of worker B are thus shifted upwards
by factor b and given by D(1 + b). The difference in health deficits at age 7T is then
computedas Dg(T)—DA(T) = (1+)T " DA+b)—(14+1)" "D = (14+u)T b D,
i.e., the model predicts divergence: occupational health differences increase with the
age of workers.

Next, assume that the health burden from occupation increases the natural rate
of aging, which is u without burden (individual A) and u + wp with burden
(individual B). The health gap between the two individuals is obtained as D(1 +
W' [(1+ p/(1 4 )" — 1]. It grows with increasing age of the individuals.

After retirement, individuals accumulate new health deficits at the same rate. Since
individual B experienced harsher work conditions, he enters retirement with more
health deficits and the difference in health deficits atage T > R is obtainedas Dy (T')—
DA(T) = (14+1)T~R(Dp(R) — D4(R)). It becomes larger with increasing age of the
individuals. Thus, the health deficit model predicts divergence of occupational health
differences before and after retirement.

2.4 Identification of level and rate effects and occupational health differences

Our study focuses on level and rate effects in context of the health deficit model.
Although we do not explicitly test the health capital model, inferences about the
health capital model are feasible if there is a negative association between health
capital and health deficits. This seems to be a rather mild assumption. In contrast
to health deficits, there exists no standardized metric for health capital but empirical
attempts to measure health capital are frequently based on the absence of health deficits
(e.g., Wagstaft 1993) or on self-evaluated health (e.g., Grossman 2000). In the latter
case, we need to assume that individuals with fewer health deficits evaluate their
health better, which seems to be plausible. Under these restrictions, empirical support
of the health deficit model in terms of divergence of health deficits before or after
retirement implies a refutation of the health capital model. This is so because, in the
terminology of Dragone and Vanin (2022), the process of human aging can only be
either self-depleting or self-productive, but not both at the same time.

We compare workers from two different occupational groups, A and B.> Consider
first a level effect of occupation that is potentially (partially) resolved with retirement.
Recall that the continuous accumulation of health deficits is represented as exponential
increase of health deficits with age, D; (1) = Djeti'elt=rPi with j = A, B. Notice

2 For simplicity, we limited the exposition on a unisex model. The literature, however, has established that
men and women accumulate health deficits at different rates and levels (e.g., Mitnitski et al. 2002; Romero-
Ortuno and Kenny 2012; Lachmann et al. 2019; Abeliansky and Strulik 2018a,b, 2019). Furthermore,
gender and gender-specific aging affects selection into occupations (Strulik 2022). In the applications
below we will thus consider gender-specific regressions.
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that the rate of aging u is allowed to differ between occupations. The level effect
assumption is represented by the feature that the rate of aging does not change with
retirement. The size of the level effect at retirement is obtained by 1[j—g8;, in which
1{j=r) is an indicator function that attains a value of one for retired individuals and
B; is an occupation-specific coefficient. Taking logs, we have

logD;(t) = aj + 1=r)B; + ujt, ey

in which a; = log D j- Occupational health differences are measured by a4 — ap and
the occupation-specific effect of retirement is 84 — Bp. Suppose ap > 4. Then the
state of health of workers from the two groups diverges if Dp () — D4 (¢) increases
with age.

A straightforward way to introduce rate effects of retirement is to move the
retirement-indicator from the level to the rate:

logD;(t) = aj + pjt + 1=Rriojt, 2)

in which w; measures the occupation-specific change in the rate of aging after retire-
ment. If there are occupation-specific rate effects of retirement, we expect wp < wa
for ap > a4, i.e., the rate of aging slows down by more after retirement for workers
from burdensome occupations. This rate effect specification implies that there is also
a level effect of retirement. To see this, note that at the moment before retirement,
denoted R, a worker has D i = D et RO deficits whereas at the moment after
retirement, denoted R, the worker has D; = D./e(“+w1)R(+) deficits, implying a
jump of deficits at retirement by factor e*/. Thus, any rate effect is associated with a
level effect of a certain size.

The co-occurrence of level and rate effects is intuitive and plausible. For example,
retirement may ‘“spontaneously” resolve back pain, which induces behavior (more
exercise, less drug consumption) that slows down aging, i.e., it postpones the devel-
opment of other health deficits. On the other hand, retirement may not be associated
with a health shock and only entail gradual adjustments of health. Formally, such an
outcome would be predicted by the health capital model and the health deficit model
under the assumption that retirement does not exert a shock on health. To allow for
this case, we set up a third specification, in which we additionally impose that both
occupation and retirement have (if at all) only rate effects. These assumptions are
represented by a two-step setup:

logDj(t) =a+pu;jt fort <R, (3a)
logDj(t) =log[D;j(R)]+w;(t —R) fort >R, (3b)

in which the constant in the second equation is the predicted log of health deficits
at the transition into retirement obtained from the first equation. Occupational rate
effects on health during the work life exist if ©4 # pp. They imply divergence
of health across occupational groups. Occupational health effects are resolved with
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retirement if w4 = wp. A common rate of aging after retirement, however, does still
imply divergence because the health gap that prevailed at retirement is amplified as
the retirees grow older (due to the non-linear, exponential age-deficit association). In
general, inspection of coefficients for the level and/or rate effects in specifications (1)
to (3b) is insufficient to infer divergence or convergence of health deficits. For that,
we need to compare the implied life cycle health trajectories.

3 Empirical method and data
3.1 Data

In order to study aging before and after retirement, we use the Survey of Health,
Aging, and Retirement in Europe (SHARE dataset release 7.0.0) and the Job Episodes
Panel (release 7.0.0),> We use five waves from SHARE that provide health-related
information (wave 1, 2, 4, 5 and 6); for methodological details, see Borsch-Supan
et al. (2013); Brugiavini et al. (2019). Wave 1 took place in the year 2004, wave
2 in 2006/7, wave 4 in 2011 (in 2012 for Germany), wave 5 in 2013, and wave 6
in 2015.* We considered adults aged 50 and above in 10 countries that participated
in the survey: Austria, Belgium, Switzerland, Germany, Denmark, Spain, France,
Italy, Netherlands and Sweden. We focused on these countries because their relevant
statutory retirement ages do not depend on individual characteristics (other than age)
as in other countries like, for example, the Czech Republic where the number of
children is also decisive for the statutory retirement age. We also omit Israel and
Greece because they participated in the survey less often than the other countries. We
only used observations of individuals aged 85 and below because several very old
people show “super healthy” characteristics (likely because of selection effects).

For each observation of each surveyed individual we constructed a frailty index
following Mitnitski et al. (2002) and Searle et al. (2008). We took into consideration
38 symptoms, signs, and disease classifications, which can be found in Table A.1 in the
Appendix. We followed Mitnitski et al. (2002) and coded multilevel deficits using a
mapping to the Likert scale within the interval O—1. Details on the construction of each
variable are available in Table A.2 in the Appendix. We then obtained the frailty index
as an individual’s ratio of deficits. If information on specific deficits was not there for
an individual, we instead calculated the index based on the information which was
available about potential deficits (i.e., if data was not available for x potential health
deficits, the observed health deficits were divided by 38 — x). From the surveyed
people, we retained only those with information on at least 30 health deficits for at
least 2 waves and also removed individuals younger than 50 since this was not the

3 DOIs: https://doi.org/10.6103/SHARE.w1.700 https://doi.org/10.6103/SHARE.w2.700, https://doi.org/
10.6103/SHARE.w4.700, https://doi.org/10.6103/SHARE.w5.700, https://doi.org/10.6103/SHARE.w6.
700, and https://doi.org/10.6103/SHARE.jep.700)

4 Wave 3 was not included given that it does not report health-related variables (it is a retrospective wave).
Wave 7, although available, lacks the whole module on mental health for those who have been surveyed
in the past so it could not be included in the analysis. Wave 6 of the Netherlands was not included since it
could not participate in the central wave and had a hybrid interview with a mixed mode experiment.
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targeted population of the survey (and this group very likely represented partners of the
actual targeted people). We further removed a few individuals with a frailty index of
zero (1.3% of the sample) because we use the logarithm of health deficits. We arrived
at a sample of 83,659 observations, which corresponds to 28,664 individuals.’

We first split the sample by educational level. We took 11 years of schooling as the
threshold for high- and low-educational levels since this was the mean value of years
of education (across countries and waves). Next we split the sample according to the
level of job burden (high/low) that each individual had in their last job. Each person
was asked in wave 1 which was their last job, and the answer was coded following the
ISCO-88 classification. Since this information is only available for wave 1, the sample
for this analysis only includes individuals that were present in wave 1 (and onwards).
The ISCO-88 code on the last job is used to match it with the classification from Kroll
(2011). Kroll (2011) classified the jobs according to their overall intensity, which is
comprised of physical and mental strain, and assigned a value from 1 to 10 to each job
in the ISCO-88 classification. Mazzonna and Peracchi (2017, p.135), drawing from
the classification of Kroll (2011), define a physical burdensome job as one with high
environmental pollution and ergonomic stress and a psychosocially burdensome job
as one with high level of “mental stress, social stress, and temporal loads”. We follow
Mazzona and Peracchi (2017) and use the interval [1,5] to classify occupations of “low
burden” and occupations with an index above 5 as “high burden”. Finally, we also use
the reported last job with its ISCO-88 classification and assign it the category of “blue
collar” or “white collar” using the classification of Eurofund (2020).°

We recorded individuals as “retired”” when they replied “retired” to the question “In
general, how would you describe your current situation?”. Following the literature,
we omitted those individuals who answered “permanently sick or disabled” since this
group could benefit from early retirement benefits due to disability and because their
aging process could be different. Moreover, we erased those individuals who refused
to provide an answer. We also complimented the retirement information with that of
the Job Episode Panel, provided by SHARE in another dataset. Facing the problems
of endogeneity of retirement and of reverse causality, we use an instrumental variable
approach. We take the “normal” and “early” statutory retirement ages as external
instruments, since the statutory age is not chosen individually. The SHARE dataset
provides the “normal” statutory retirement age for most individuals but the “early”
statutory retirement age is reported only for a severely reduced group of individuals.
Because relying on the “early” information from SHARE would reduce our sample size
considerably, we have complemented it with information on early retirement provided
in Leimer (2017) (for a more detailed description of statutory retirement ages refer
to Appendix B). In the robustness analysis we only kept individuals who are retired,
employed or unemployed (in a similar vein to Heller-Sahlgren 2017), which reduces
our sample by about a quarter of the observations. We perform this exercise to observe

5 In related work we have shown that results are very similar when zeroes are kept and the log is replaced
with the inverse hyperbolic sine (Abeliansky and Strulik 2019).

6 In the working paper version of the paper we provide alternative reinforcing evidence by splitting the
sample based on the number of books at home at age 10 as a proxy for educational levels (as a proxy for
low education we put into one category those who had “none or very few (0-10) books” and in the other
category the rest).
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whether retirement has a particular effect on those who are in the job market (either
working or actively looking for work).

Table 1 shows the summary statistics of the samples used for the educational split,
job intensity splits as well as for the collar split. Females have, on average, more health
deficits than men. This observation is line with Abeliansky and Strulik (2018a,b,
2019, 2020). We also observe that individuals with higher educational levels have, on
average, fewer deficits (as previously shown by Harttgen et al. 2013). The mean age of
females and males is similar; while individuals are, on average, 3 to 4 years younger in
the high education group. In line with this observation, the percentage of observations
of retired individuals is somewhat lower among the highly educated. As expected, the
mean early statutory retirement age is lower than the statutory retirement age. With
respect to the sample splits according to job burden, we observe that within burden-
classes men are, on average, about 1.5 years older than women. Across burden classes
there are only small age differences. Men and women in high-burden occupations
display on average more health deficits. This difference is most pronounced for men in
occupations of high physical burden who display about 20% more health deficits than
their counterparts in low-burden occupations. Occupational differences are greatest
across collar groups. Men and women in blue collar occupations display on average
almost 30% more health deficits than their counterparts in white collar occupations.

3.2 Model specification

As our baseline specification, we focus on level effects and estimate equation (1)
separately for two occupational groups (A and B) with the following regression:

log Djy = - agejy + o - retirement;y, + Aj + €y, 4)

where D is the frailty index, i represents the individual, w the wave, age represents
the age at the interview, retirement is a dummy variable that takes the value of one if
the individual is retired, A; are individual fixed effects and € is the error term. Standard
errors are clustered at the year-of-birth level.”

We estimate (4) separately for men and women since previous studies have shown
that males and females accumulate health deficits at different rates and levels (e.g.,
Mitnitski et al. 2002; Abeliansky and Strulik 2018a,b, 2019). Furthermore, gender
and gender-specific aging affects selection into occupations and the retirement deci-
sion (Strulik 2022). In instrumental variable (IV) regressions for (4) we control for
the potential endogeneity of individual retirement status by instrumenting it with the
statutory retirement age. To that end, we construct a dummy variable RetAge that takes
the value of one if the person is not younger than the statutory retirement age, zero

7 We have also conducted the analysis using two-way clustering at the country and year-of-birth level. We
refrained from reporting these results since the command x¢ivreg2 from Stata would not report the Hansen
test due to few observations in some clusters (in the IV regressions). The conclusions derived from using
these alternative standard errors are the same. Results are available upon request.
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Table 1 Summary statistics

Females Males Females Males
Variables Mean  Std. Dev. Mean  Std. Dev. Mean  Std. Dev. Mean  Std. Dev.

High education Low education
Frailty index 0.130  0.097 0.097  0.086 0.185  0.132 0.130  0.110
Age 63.154 8.306 64.237  8.405 67.364 8.837 67.536  8.729
Retired 0.504  0.500 0.585  0.493 0.600  0.490 0.758  0.428
Statutory retire- 63.755 2.083 64.463 1.610 63.167 2.382 64.499 1.574
ment age
(Early) Statutory  60.135  1.940 60.749  2.096 59.940 1.903 60.709  2.175
retirement age

Overall job burden: low bur- Overall job burden: high bur-

den den
Frailty index 0.168 0.114 0.127  0.105 0.201 0.128 0.155  0.123
Age 69.541  7.849 71.385 7.149 69.592  7.826 71315 7.139
Retired 0.849  0.358 0967  0.178 0.787 0410 0967  0.179
Statutory retire- 63.185 2.276 64.282 1.733 63.075 2.361 64.514 1.499
ment age
(Early) Statutory  59.565  2.005 60.216  2.175 59.629 1.924 60.248  2.056
retirement age

Physical job burden: low bur- Physical job burden: high bur-

den den
Frailty index 0.170  0.115 0.130  0.108 0.199  0.127 0.154  0.121
Age 69.766 7.788 71.502 7.076 69.382 7.881 71.187 7.213
Retired 0.865  0.342 0.971 0.167 0.774  0.418 0.963  0.190
Statutory retire- 63.185  2.263 64.297 1.715 63.072 2372 64.514 1.505
ment age
(Early) Statutory  59.543  2.032 60.253  2.171 59.644  1.901 60.211 2.051
retirement age

Psychosocial job burden: low Psychosocial job burden: high

burden burden
Frailty index 0.168  0.111 0.139  0.114 0.197  0.128 0.144  0.116
Age 69.307 7.976 71.477 7.008 69.739  7.739 71211 7.287
Retired 0.824  0.381 0.966  0.181 0.811 0.392 0.968  0.176
Statutory retire- 63.232 2.273 64.346  1.679 63.058 2.350 64.459 1.558
ment age
(Early) Statutory  59.592  2.048 60.220 2.162 59.603  1.906 60.246 2.064
retirement age

White collar Blue collar
Frailty index 0.169  0.116 0.123  0.104 0218  0.142 0.159  0.127
Age 69.748  7.647 71.435 7.104 70.005 8.109 71.677 7.246
Retired 0.872  0.334 0970  0.170 0.751 0.433 0.961 0.193
Statutory retire- 63.336  2.246 64.282 1.734 62.818 2.449 64.531 1.489
ment age
(Early) Statutory  59.659  1.939 60.271 2.142 59.549 1.852 60.198  2.025

retirement age
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otherwise; and a dummy variable EarlyRetAge that takes the value of one if the person
is not younger than the statutory early retirement age and zero otherwise. The effect
of retirement on aging investigated in this study is the average effect of retirement
on aging for those led to retire by reaching the (early/standard) statutory retirement
threshold (i.e., local average treatment effect, LATE). The group of compliers includes
individuals who are forced into retirement by their working contracts and those who
choose to retire.’

Alternatively, we consider that occupational factors affect the rate of aging when
working. Again, given the potential threats to endogeneity we use an instrumental
variable approach. Based on (2), we estimate the following econometric model:

InDjy = 1 -ageiy + w - ageijy - retirementiy, + A + €jy. (®)

Finally, we impose the assumption that retirement has no level effects and estimate
the only-rate-effects model. In order to obtain the occupation-specific level of health
deficits at the transition to retirement, we need to abandon individual fixed effects and
individual ages of retirement. This approach is thus only informative about aging at
the group level and less immune against time-invariant omitted variables than speci-
fications (4) and (5). Specifically we estimate equations (3) jointly for two groups of
occupation (A and B) as:

log Djy = a + pa -ageiy +y - Dp - ageiy + €iw,  foragey, < R, (6a)
log Diyy = Ba - (1 = Dp) + 8- Dp + wa - agejw + wp - Dp - age;y
+€jw, for age;jj > R, (6b)

in which R = 65, Dp is a dummy variable that equals one if the individual belongs
to group B and is zero otherwise, and f4 is the predicted frailty index of group A, at
the transition to retirement (at age 64), obtained from the estimates of (6a). Equation
(6b) is estimated constraining B4 to the value of the deficit level of group A at age
64, and ¢ to the difference in deficits at age 64 (in log terms) between group A and B.
Due to the requirement to constrain the coefficients to estimate equation (6b), we can
only use Ordinary Least Squares for the estimations.

Our estimates could suffer from a “healthy worker effect” having survived the last
job. While we are unable to deal directly with this issue, we show that there is no
difference in attrition by death regarding those with low- and high-burden jobs.”?

8 We cannot infer from our estimates the impact that retirement has on individuals who decide to retire at
a different age.

9 In principle, working duration rather than age is relevant for occupational health deficits. However, this
information is not available in the data. The feature that some individuals, as the age, move from physically
demanding to less demanding jobs (Strulik 2022) implies that we tend to underestimate occupational health
differences.
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4 Results: health and aging before and after retirement
4.1 Level effects of retirement

Table 2 shows the results of estimating equation (4) for men and women, according to
their educational level. On average, individuals develop about 2% more health deficits
from one birthday to the next. We see that elderly women start from a higher level of
initial health deficits than men (larger constant) and that men, as they age, accumulate
health deficits at a greater speed than women, in line with the previous literature (i.e.,
Mitnitski et al. 2002; Abeliansky and Strulik 2018a). Columns (1), (4), (7) and (10)
show the baseline results when the retirement dummy is not included. We see that
within-gender groups, individuals with low education age faster. While this result is
known in principle from the literature (e.g., Harttgen et al. 2013), we here show that it
holds true when controlling for time-invariant individual characteristics by including
individual fixed effects in the regression.

In columns (2), (5), (8), and (11) we include the retirement dummy in the fixed
effects regressions. We observe a statistically significant effect of retirement only for
women with low education and for men with high education. The results, however, are
likely driven by endogeneity-bias. This view is confirmed when we consider the results
from IV regressions in columns (3), (6), (9), and (12). The first stage results are shown
in Table F.1 in the Appendix. The instruments are sufficiently strong in predicting
retirement according to the Kleibergen Paap Wald F-statistic (above the threshold of
10) and in most of the cases the Hansen statistic fails to reject the null hypothesis
that the over-identifying restrictions are valid. We now observe that retirement has a
significant effect on health deficits. For all four gender-occupation groups, the entry
into retirement shifts the age-deficit trajectory downwards. Among women, the point
estimate is only marginally higher (in absolute value) for women with low education.
Among men, we observe that men with low education age more rapidly and benefit
more from retirement than those with high education.

As a further robustness check, we verify that similar conclusions are obtained when
we use the 45-item frailty index from Borsch-Supan et al. (2021) (see Appendix Table
D.1) and when we remove 3 dimensions (selected randomly) from the index in two
exercises (see Appendix Tables 1.2 and 1.3).! Moreover, similar conclusions arise
when we restrict the age of the individuals from 55 to 75 years of age (see Table I.1
in the Appendix).

Another concern might be that job burden influences the likelihood of attrition by
death. In order to assess whether the education/job characteristic of the worker affects
the probability of being in the sample in the next wave (i.e., if a person will be in
the next wave since they have not passed away) we estimate a “Mundlak regression”
(correlated random effects estimator) where we have as the dependent variable of
a random effects regression whether the person is present in the next wave or not
because he or she has passed away. As independent variables we include the type of

10 1n Table 1.2 the dimensions removed were: difficulties seeing an arm’s length, difficulties pulling/pushing
an object and whether the person was diagnosed with depression; while in Table 1.3 the dimensions were
removed were: whether the person was diagnosed with asthma; problems with concentration and difficulties
taking a bath.
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Health and aging before and after retirement

education/job the person has, the age (which is a predictor of death), the mean age
(as required by the Mundlak methodology), country and wave dummies, and a year
of birth trend. The benefit of using this methodology is that we are able to simulate a
fixed effects regression, while controlling for unobserved heterogeneity for the time
changing variables. Table E.1 (also in the Appendix) shows that neither education nor
other occupational group assignments influence the probability that a person will be
present in the next wave (the only exception here is for females performing jobs with
low physical burden).

The precise effects of education on health deficit accumulation before and after
retirement are difficult to assess from the estimated coefficients. In particular, the
issue of convergence or divergence motivated in the theory section is hard to resolve
by inspection of Table 2. To simplify inferences, we thus use the point estimates
from the IV regressions for a graphical representation of biological aging of men and
women distinguished by educational class. These results are shown in Fig. 1. We took
the gender-specific average retirement age as the shift point. Women are represented
in panel A and men are represented in panel B of Fig. 1. Health deficits by age are
represented by blue (solid) lines for individuals with high education and by red (dashed)
lines for individuals with low education.

The results from Fig. 1 show that individuals with low education have at any age
accumulated more health deficits and that the distance between health deficits by skill-
group gets larger with increasing age, before and after retirement. Thus health deficits
diverge, as predicted by the health deficit model (and in disagreement with the health
capital model). Divergence after retirement follows from the feature that health deficit
accumulation is a self-productive process (cf. theory section) together with the result
that the age coefficient is larger for low-educated individuals at all ages.

While it is reasonable that part of the effect of education on aging works through
occupation, it is well known that education affects health also through other pathways
than occupation (e.g., Grossman 2006; Strulik 2018; Galama and Van Kippersluis
2019). With our next sample split we thus focus on the physical and psychosocial
burden of occupation, classified to be either high or low, as explained in Section 3.
By including individual fixed effects in the regression, we control for education as
a selection device since it can be reasonably argued that education is finished at the

A. Women B. Men

0.25 0.25
2 o2 2 o2
S k)
3 3 e
< 0.15 < 0.15 -
T S - P
£ o1 £ o1 T e

L~
0.05 0.05
50 60 70 80 90 50 60 70 80 90
Age Age

Fig.1 Health deficits by age: high vs. low education. Predictions for estimates from I'V-regression, columns
(3), (6), (9), and (12) from Table 2. Retirement at the average gender-specific retirement age. Blue (solid)
lines: high education; red (dashed) lines: low education
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age of 50 (the youngest age in our sample). A shortcoming of these regressions is
that the job burden refers to the current job or the last job that retired individuals had.
If individuals, as they age, move from health-demanding occupations to less health-
demanding occupations, we do not capture the job burden of the whole work-life
correctly and the regressions tend to overestimate the health toll of low-burden jobs,
i.e., to underestimate the occupational differences of aging and retirement.

Table 3 shows the results for the aggregate job burden split as well as separated
by physical burden and psychosocial burden. Focusing on the IV regressions, we
observe a statistically significant impact of retirement only for men and women in
high-burden occupations. For both men and women the age coefficient is similar
across burden levels but the constant is significantly larger in high-burden occupations.
Retirement causes a particularly large reduction of health deficits for men in high-
burden occupations, regardless of the dimension of burden.

Finally, Table 4 shows the results using a different categorization: whether the
last job was classified either as “white collar” or “blue” collar. In the case of men, we
observe the familiar pattern: the health of men with blue collar jobs benefits more from
retirement. For women, we observe a new and perhaps surprising pattern: women in
white collar jobs benefit more in terms of health deficit reduction from retirement than
those in blue collar jobs. The point estimates, however, are quite close and the occupa-
tional differences in the benefit from retirement are no longer statistically significant
when we remove home-makers and individuals having reported “other” as their last
occupation (Table G.5 in the Appendix).

The first stages of the instrumental variable regressions are reported in Appendix F.
In Appendix Tables G.1-G.5, we replicate the above regressions for a reduced sample
in which we kept only individuals who are employed, unemployed, or retired. The
estimated coefficients are of similar size and significance as in the benchmark regres-
sions. As another robustness test, we merged the burden indicator at the two-digit
ISCO-level. The benefit of this approach is that we gain in sample size, but given
the high aggregation level we lose the difference between the general burden index
and the physical burden index. Overall, the aging pattern for high-burden individuals
remains the same in terms of statistical significance and similar in size (see Tables
H.1 and H.2 in the Appendix). A robust result of all performed tests is that individuals
who are or were in high-burden occupations benefit from retirement in terms of health
deficit reduction. In some specifications also individuals with low burden benefit from
retirement.

Due to the interaction of the age coefficient, the constant, and the retirement coeffi-
cient it is not always easily inferred from the estimated numbers whether the difference
of health deficits between occupational groups increases or declines with advancing
age, i.e., whether the results reject the health capital model or the health deficit model.
In order to assess this issue in a convenient and condensed way we used the point
estimates of the IV regressions from Tables 2, 3, and 4 and the average gender-specific
retirement age and computed the predicted health deficits by age for the average indi-
vidual from the occupational groups. We then computed the predicted difference of
health deficits between occupational groups. Results are shown in Fig. 2. A downward
shift of the curve indicates that individuals from low-status group benefit more in terms
of health from retirement than individuals from high-status groups. A curve remaining
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Fig. 2 Health deficits difference by age: low- vs. high-status groups. Health differences by age between
occupational groups. A, B Low vs. high education. C, D High vs. low physical job burden. E, F High
vs. low psychosocial job burden. G, H Blue vs. white collar occupation. Predictions for estimates from
IV-regression, columns (3), (6), (9), and (12) from Tables 2, 3, and 4. Retirement at the average gender- and
occupation-specific retirement age

in the positive quadrant indicates non-convergence. An upward sloping curve indicates
divergence of health deficits between low- and high-status groups.

Panels A and B show results for the educational split, which is just another repre-
sentation of the information shown in Fig. 1. For example, the line in Panel A shows
the difference between the blue and red line of Panel A in Fig. 1. We observe that
health differences between educational groups increase with increasing age for men
and women before and after retirement while retirement as such reduces educational
differences. The interpretation is that retirement leads to a reduction of acute job-
related health deficits (e.g., acute back pain) but does not level all job-related health
deficits. Some job-related deficits remain (e.g., chronic back pain) and are conducive
to the development of further health deficits in retirement, as predicted by geronto-
logical models (Gavrilov and Gavrilova 1991; Mitnitski et al. 2006; Rutenberg et al.
2018) and the health deficit model in economics (Dalgaard and Strulik 2014).

Panels C-D show results for the sample split by physical job burden. The occupa-
tional difference of health deficits is particularly large and steeply increasing with age
during working age. Retirement is associated with a large reduction in health deficits,
which are however not fully equalized across occupational groups. After retirement,
health deficits diverge again albeit at a slower pace than during working age. Panels
E-F show results for the sample split according to psychosocial job burden. While
health deficits diverge before retirement for both genders, health differences for men
are basically flat after retirement. For women, we observe again divergence. Finally,
panels G-H show results for groups identified by collar color. For men, we observe that
health deficits of blue collar workers rise at a higher rate before and after retirement.
The health difference between blue and white collar women stays basically constant
before retirement and increases after retirement. Interestingly, we observe that the
health of white collar women benefits more from retirement, i.e., we observe a rare
case where retirement increases health deficits between low- and high-status workers.
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With respect to health economic theory, we conclude that we almost always observe
divergence of health status between groups of low and high education, blue and white
collar color, and high and low physical or psychosocial job burden. We never observe
convergence of health deficits with increasing age. The results contradict the predic-
tions of the health capital model and are supportive of the predictions of the health
deficit model. Divergence is explained by the self-productivity of health deficits: many
existing health deficits are conducive to the faster development of new deficits. Retire-
ment leads to a significantly greater reduction of health deficits for workers from the
low-status groups. However, average health deficits of the low-status groups are still
higher after retirement, which means that the self-productivity-driven divergence of
health deficits is also observed after retirement. An exception is the group of men with
high psychosocial job burden. Here, retirement apparently removes all job-related
health deficits such that the occupational health gap disappears after retirement.

4.2 Rate effects of retirement

We next turn to the analysis of rate effects of retirement by estimating specification
(5). Results are summarized in Table 5 (and the first stage results are shown in Tables
F.4-F.6 in the Appendix). Focusing on the IV regressions, we observe the following
regularities. Men and women with low education, or in blue collar work, or in occu-
pations with high physical or psychosocial burden age faster when working (larger
age coefficient) and the pace of aging slows down by more in retirement (the negative
coefficient for age-retirement interaction is larger in absolute terms). Individuals in
high-burden occupations always benefit significantly from retirement in terms of a
reduction of the rate at which health deficits accumulate; while in most cases, individ-
uals with low job burden do not significantly benefits from retirement. The exception
from theses regularities is, again, the case of white collar women who benefit strongly
from retirement and more so than their bluecollar counterparts.

We use these results to take up again the question of convergence/divergence. Since
the rate of aging declines by more after retirement for individuals in high-burden
occupations and for low-skilled/blue collar workers, there is, in principle, potential
for convergence of health deficits across occupations after retirement. A necessary,
not sufficient condition for convergence is that the rate of aging gets smaller after
retirement, i.e., the sum of age coefficient plus age-retirement coefficient is smaller for
individuals in high-burden occupations after retirement. The condition is not sufficient
because initial values matter as well. In order to clarify the convergence question,
we visually inspect the aging patterns predicted by the point estimates from the IV
regressions in Table 5.

Results are shown in Fig. 3. As explained in the theory section, the age-retirement
interaction also causes a drop of health deficits at entry into retirement. It turns out
that this drop is of similar magnitude as the one predicted by the level-model. In
fact, aging before and after retirement is predicted to be strikingly similar in the rate-
model and in the level-model. For men, the divergence of health deficits with age across
occupational groups is clearly discernible. For women, divergence is much smaller and
can be identified only by computing analytically the occupational difference of health
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A. High vs. Low Education
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Fig. 3 Rate effects of retirement. Predictions for estimates from I'V-regression, columns (3), (6), (9), and
(12) from Table 5. Retirement at the average statutory retirement age from Table 1. Blue (solid) lines: A
high education; B low physical burden; C white collar. Red (dashed) lines: A low education; B high physical
burden; C blue collar

deficits. From age 60 to 90, the deficits difference between women in occupations of
high vs. low physical burden increases from 1.5 to 1.9% and the deficits difference
between blue and white collar women increases from 2.9 to 3.7%.

Finally, we proceed to estimate equations (6a) and (6b). Ideally, we would like
to continue using fixed effects with an instrumental variable approach, but we are
unable to do so since the restriction imposed on the coefficients in the constrained
regression is not computationally feasible with fixed effects. The results are available
in the Appendix in Tables J.1-J.5. In columns (2) and (4) of these tables the constants
are constrained to the (log) deficit level at age 65 and thus they exhibit no standard
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error. We observe systematically that high occupational status groups age significantly
slower before retirement. The point estimates suggest that high-status groups develop
new health deficits at a rate that is 0.3 to 0.4 percentage points lower than low-status
groups. An exception are men with high vs. low psychosocial job burden, for which
there is no aging differential observed before retirement.

After retirement there are mostly no significant occupational differences in the rate
of aging. An exception are women in occupations with low physical or psychosocial job
burden, who are found to age faster after retirement and men in white collar occupations
who continue to age slower after retirement. An equal rate of aging after retirement,
however, still implies divergence after retirement when the low-status groups enter
retirement with more health deficits. This shown in Appendix Fig. A.1 which shows
the predicted aging based on the point estimates of Tables J.1-J.5.

Overall, the results of estimating equations (6a) and (6b) provide some reinforcing
evidence that low-status occupational groups age faster before retirement and at similar
rates as high-status groups after retirement. These estimates, however, should be taken
with caution — individual fixed effects are not taken into account and, in particular
in the before-retirement stage, the age range (50 to 64 years of age) is short and the
sample size is small. We therefore prefer the rate-cum-level regressions from Table 5
to the rate-only regressions from Tables J.1-J.5.

With respect to health economic theory, we conclude that we almost always observe
divergence of health status between groups of low and high education, blue and white
collar color, and high and low physical or psychosocial job burden. The rate-cum-level
results suggest that workers from low-status groups (low education, high job burden,
blue collar) benefit greatly from retirement, both immediately and in the long-run
through slower aging, but that this relief is insufficient to compensate for the faster
deterioration of health during working life, implying that the occupational health gap
continues to widen after retirement.

5 Conclusion

In this study we provide evidence for occupational health effects before and after
retirement using the frailty index, an encompassing measure of health and aging
developed in gerontology, and panel data for 10 European countries. We find that,
controlling for individual fixed effects, individuals with low education, in blue collar
jobs, and in physically or psychosocially demanding occupations develop new health
deficits faster than individuals in the corresponding higher status groups. We instru-
ment for retirement by statutory retirement ages and find that retirement provides a
strong relief from health deficit accumulation for individuals in low-status occupations
but does not lead to a complete reset of health deficits to the corresponding level in
high-status occupations. Consequently, individuals in low-status occupations develop
health deficits faster before and after retirement. Public policy should take these fea-
tures into consideration and adjust statutory retirement according to the health burden
of occupations. This conclusion becomes particulary compelling when one consid-
ers that health deficits are a strong predictor of mortality (e.g., Mitnitski et al. 2002;
Dalgaar et al. 2022), implying that members of groups with low status will experience
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a shorter life span in retirement if the retirement age is not adjusted by the health
burden of the occupations (Grossmann et al. 2002).

Overall, we observe a widening occupational health gradient not only during the
work-life but also in retirement, which is particularly large for men. Diverging states of
health refute the predictions of the convergence-generating health capital model. They
are supportive of the self-productive nature of health deficit accumulation according
to the health deficit model.

Supplementary Information  The online version contains supplementary material available at https://doi.
org/10.1007/s00148-023-00951-3.
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