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1 Introduction

Life expectancy steadily increases and the number of individuals retired as a share
of the total population rises in most OECD countries. At the same time, concerns
about the fiscal sustainability of the public pension system has led policy makers in the
same countries to introduce policies aimed at prolonging individuals’ working lives. An
important question that seems to be overlooked in these policy debates is the importance
of health with regard to retirement. Findings in the empirical literature regarding
the health effect of retirement are mixed; individuals in strenuous jobs might have a
beneficial change in health after retirement, whereas retirement may be harmful for
individuals with a strong attachment to their working environment (see, e.g. Insler
(2014) and references therein). Importantly, a few recent studies show that endogeneity
and heterogeneity play an important role in these conflicting results (see Eibich (2015);
Coe and Zamarro (2011)).

In this paper, we build on recent literature and investigate the health effects of
retirement across differences in socioeconomic status and gender. We exploit an in-
stitutional setting in Norway that causes a discontinuous change in the likelihood of
retiring at the age of 67, making a regression discontinuity (RD) framework suitable for
our setting. This allows for identification of the causal short term effects of retirement
on health.

We contribute to the literature by introducing both subjective and objective mea-
sures of health. This is an important extension compared to previous literature for two
reasons; first, survey data is important, as it provides important insight into how indi-
viduals experience their own health, which is important for their well-being. However,
self-reported measures of health have been criticized for being contextual and can suffer
from justification bias. Moreover, samples of older adults might be prone to selective
attrition. These issues are absent in register data, as they are reported from admin-
istrative registers. In particular, administrative data covers the entire population and
records certain health conditions as truly objective. One drawback is that these mea-
sures are often extreme outcomes of health, and hence unsuited for studying moderate
health effects. Taken together, however, these two sources will help us gain more insight
into the effect of retirement on several dimensions of health.

In this paper, we assess the health effects of retirement at age 67, which was the
statutory retirement age in Norway in 2007. Although most individuals chose to retire
at the statutory retirement age, the entire public sector and half of the private sector
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have access to early retirement plans. Furthermore, a substantial fraction of the older
working age population is on disability insurance (DI) which provides for a full or partial
withdrawal from the labour market. DI is granted based on a physician’s assessment
that an individual has a permanently reduced capability of working. In this study, we
define retirement as claiming retirement pension. Importantly, individuals on DI are
transferred to retirement pension once they reach the statutory retirement age. We
therefore assess the intention-to-treat effect of retirement on health.

From a theoretical perspective, we can expect the retirement effects to differ across
socioeconomic status (SES) groups. According to Grossman’s (1972) model, individuals
with low education or low financial capital (low SES) will have to rely more heavily
on their health as an input in the labour market, compared to individuals with high
education or wealth, assuming that the different sources of capital are substitutes in the
labour market. This is typically manifested through strenuous manual labour for the
low SES groups. Moreover, individuals with higher education are assumed to be more
efficient in promoting own health. In sum, the two mechanisms make it more costly for
low SES groups to continue working. Retirement can therefore be seen as a mechanism
that levels the increasing health inequalities between groups. Unless the difference in
health deterioration is compensated for by investing in health-promoting activities for
the low SES, the health stock at retirement will differ between these two groups.

Finally, institutional factors concurring with retirement can lead to reduced health
inequalities. Examples are lower income dispersion among pensions compared to income
from labour, or the provision of certain health-related benefits such as Medicare in the
US. The theoretical and institutional mechanisms outlaid above are likely not instan-
taneous health consequences of retirement. However, the predictions from Grossman
partly apply in this setting. The relief from strenuous manual work can be experienced
as an instantaneous health improvement. For individuals working in a stressful envi-
ronment, the relief can also be instantaneous. By contrast, retirement may lead to a
reduced sense of purpose. This may have a negative effect on mental health. In order
to tackle these theoretical issues, we systematically assess how the health effects differ
both by socioeconomic status and gender, as well as by the three health outcomes:
physical health, depression and acute hospitalization. We argue that this provides a
more comprehensive picture of the different dimensions of health and retirement.

The health outcomes are taken from two different data sources. The first is a nation-
ally representative sample of older adults with vast information on individual physical
and mental health. The second data source contains individual level administrative
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records of acute hospital admissions for the entire Norwegian adult population. Both
data sources contain exact birth month and retirement date from public registers. This
rules out recollection bias, and together, the level of details allows for a more precise
estimation of the retirement effects, as it allows for a more local estimation around the
timing of retirement compared to analyses using data on the year level.1

A salient aspect of our study is that we assess the health effect of retirement at a
higher age threshold than most studies in the field, which typically apply retirement age
limits in the age range 60–65. As the retirement reforms that are being implemented are
aimed at prolonging individual’s working life, especially those who stay in the labour
force until the statutory retirement age, it is crucial to assess the effects of retirement
on health at these higher age thresholds. Our results show that socioeconomic status
is important when studying the effect of retirement on health. The RD results indicate
that retirement on average yields a positive effect of retirement on physical health for low
SES groups. This effect is statistically significant and fairly sizeable when considering
this subjective measure of health. We also find that retirement reduces the likelihood
of being hospitalized, in general and for men with low education. Interestingly, we find
that retirement increases the presence of depressive symptoms for individuals with high
SES, but we find no effects on depression for the low socioeconomic status. In general,
our study suggests that health effects on average can be canceled out by differences in
socioeconomic status.

The paper proceeds as follows. In Section 2, we provide a discussion of earlier
literature. We describe the institutional details for the Norwegian pension system
and link the institutional setting to the empirical strategy in Section 3. In Section
4 we provide information about the data, outcome variables and some basic summary
statistics. Our main results are presented in Section 5, and Section 6 concludes.

2 Earlier literature

Our paper is related to a large body of economic research about the effect of retirement
on health. Given the important aspect of this issue and the vast amount of literature,
there is a surprising lack of consensus across studies. One stand in the literature is
related to the effect of retirement on cognitive functions. Exploiting variation in retire-
ment ages between and within countries as instruments, both Mazzonna and Peracchi

1See e.g Lee and Card (2008) and Dong (2015) for a discussion on why age in years might yield
inconsistent results unless properly accounted for
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(2012) and Rohwedder and Willis (2010) found retirement to have a significantly nega-
tive impact on cognitive abilities. The rationale behind this finding is that retirement
arguably removes the incentive to maintain cognitive functions required in the labour
market.

A loss in cognitive abilities has further been linked with a loss of social interactions
(see, e.g. Börsch-Supan and Schuth (2013); Mazzonna and Peracchi (2016)). The
removal of work-related social interactions may have an impact on increased obesity
(Godard (2016); Rohwedder and Willis (2010)), which in turn increases the risk of
being diagnosed with a severe cardiovascular disease, reduced daily functioning and
reduced self-rated health (Behncke (2012)). These findings also show that the outcomes
in question are highly interrelated; as a reduced level of cognitive abilities might be
triggered from a large set of unobserved chain reactions related to retirement.

From the US setting, Neuman (2008) provides evidence that retirement both pre-
serves and improves health. Because retirement removes the time constraint induced
by labour market participation, more time can be devoted to activities that both pre-
serve and enhance individuals’ health. This is in line with Grossman’s (1972) model
of health demand, where it can be shown that especially time-intensive workouts may
be more attractive after retirement, when the opportunity cost of participating in such
activities drops. Insler (2014) investigates several health-related outcomes and finds
that retirees tend to reduce smoking and participate in health-enhancing activities.
Bound and Waidmann (2007) find that retirement leads to a small, but significant pos-
itive effect on health for men. However, the same authors show that these results are
highly sensitive to job characteristics and hinge on differences in socioeconomic status.
As these differences plays an important role in determining the effect of retirement
on health, there has recently been a growing interest in tackling these heterogeneity
issues. Differences in socioeconomic status may be induced by income, education or
endowments stemming from investments at an early stage of individual’s working life.

To the best of our knowledge, only a small number of studies have investigated the
presence of heterogeneity of retirement on health. Coe and Zamarro (2011) studied
the extent to which retirement affects measures of self-reported health and depression
across several European countries. They find that retirement reduces the likelihood of
reporting bad health. Furthermore; the evidence suggests an improvement in a com-
posite measure of self-reported health. In order to tackle the potential problem of
effect-heterogeneity, they include controls for socioeconomic status, proxied by educa-
tion and household income. Individuals with high education are less likely to report bad
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measures of self-reported health, given that they have retired, compared to individuals
with no higher education.

Using a regression discontinuity framework, Eibich (2015) studied the effect of re-
tirement on several subjective measures of health in Germany. The empirical evidence
suggests the presence of effect-heterogeneity; whereas he uncovered no effect of re-
tirement on health for individuals with a high education, individuals who retire from
strenuous jobs seem to experience a large and positive change in physical health. We
have yet to find a study that assesses both measures of subjective health and measures
of objective health taken from register data.

Dong (2015) shows that using regression discontinuity design calls for careful con-
sideration of the unit of measurement when age is the forcing variable. He shows that
age in years, as opposed to age in months, might lead to inconsistent results. It is our
impression, that in general the relevant regression discontinuity analyses of retirement
and health do not take this into account.

3 Institutional Setting and Empirical Strategy

3.1 Institutional Settings in Norway

This section provides background information for the institutional setting in Norway
in 2007/2008, which is important for our empirical analysis.2 We start with a brief
description of the pension system, as this is of the main focus in our study. An individual
can start claiming retirement pension the month after reaching the statutory retirement
age of 67, and is thus considered retired once this claim is made. The main provider
of retirement pension is the mandatory public National Insurance System (NIS). This
is a pay-as-you-go defined benefit system, and all individuals with a minimum number
of years of residence are covered. Once retired, the pension consists of a mix between
fixed earnings-independent basic pension and pension contributions based on previous
labour market income.3 Replacement rates from annual earnings have been found to
be on average around 72% (Røed and Haugen (2003)).

Besides the statutory retirement age, there are two other commonly used exit routes
from the labour market: disability insurance (DI) and the Early Retirement Program
(ER). These are early exits routes that are only temporarily available until the statutory

2The system was reformed in 2011, but none of the new rules was in place throughout our study-
period.

3For more details, see Brinch et al. (2017)
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retirement age, after which they are all equally considered as retired. Eligibility for DI
is based on health status and must be certified by a physician based on a permanent
reduced ability to work. Despite being granted 100% DI, individuals are still able to
earn income up to 1 basic amount (G).4 Furthermore, DI can also be graded in a way
that allows individuals to combine work and DI. This combination cannot exceed the
income prior to the date in which they were granted DI.

ER grants the possibility of retiring in the age span 62–66. The entire public sector
and nearly 50 percent of the private sector had access to such a scheme in 2007 and
2008. The scheme is equal regardless of whether an individual works in the private
or public sector, but average replacement rates differ between the private and public
sectors due to differences in earning levels (see Bratberg et al. (2004)) for a detailed
description). Uptake of ER does not lead to curtailment of future pensions. In contrast
to both old age pension and DI, ER is conditional on full labour market withdrawal.

Table 1 summarizes the labour market status for individuals aged 56–79 in 2007.
This table shows the fraction of individuals who are either working, on ER, DI or
retired. The shares do not summarize to one, as the same individual can be in two
states, e.g. working part time and on graded DI.

Table 1. Labor market participation for individuals aged 56-79 in 2007.

Age Group Working Retired ER DI
Men Women Men Women Men Women Men Women

56 - 61 79% 72% - - - - 19% 28%
62 - 66 59% 49% - - 16% 13% 31% 41%
67 - 69 17% 9% 89% 92% - - - -
70-79 18% 2% 98% 98% - - - -

Notes: This table is calculated based on register data from Statistics Norway covering the entire
population of Norway (See chapter 4 for a description). We define any positive income as work as it
depicts some relations to the labor market. This table will not sum to unity due to individuals being
in other states, such as unemployed, recently emigrated to Norway or on other social security schemes.

Table 1 shows two important preconditions for our empirical analysis: labour market
participation rate remains relatively high for older workers, and most individuals have
started claiming old age pensions as soon as they reach the age of 67. While the
statutory retirement age by no means forces individuals to retire, there was for most
of the workforce no economic incentive to prolong working life once eligible for old
age pension; and most firms have contracted that individuals have to retire once they

4In 2007, 1G represented around 11.100 US dollars using the average exchange rate NOK/$ = 6.
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reach the age of 67. Moreover, the norm was that people retired once they reached the
statutory retirement age.

The lack of economic incentive to remain in work is due to how the supplementary
pension was calculated, which was based on the number of years with positive pension
points and the average number of pension points over the best 20 years. Since the
number of years with positive pension points was limited to 40 years, the supplementary
pension for individuals who already had reached this threshold was highly unlikely to
change with one year extra of work. Therefore, only individuals with fewer than 40 years
of positive pension points had any incentive not to retire once they have reached the
statutory retirement age. Furthermore, a full earnings test was in place for individuals
aged between 67 and 69 for earnings above 2G, resulting in a 40% reduction of the old
age pension for each dollar earned. Taken together, all aforementioned factors provides
strong incentives for individuals to retire once they reach the statutory retirement age.

3.2 Empirical Design

3.2.1 General idea
We investigate the impact of retirement on several dimensions of health. A cause

of concern when estimating how retirement affects such measures is endogeneity. The
relationship between health and retirement can be described by this linear equation:

Yi = β0 + β1Ri + β2Xi + εi (1)

where Yi represents health, Ri is a dummy variable equal to one if the individual has
retired, and whereXi is a vector of relevant covariates. If retirement could be considered
as a random event, equation (1) would provide us with an unbiased estimate of the short-
term effect of retirement on health. However, people typically decide when to retire,
and unobservable factors such as knowledge about own longevity or other factors that
correlate with both health and the retirement decision remain unaccounted for, hence
causing omitted variable bias. Importantly, own health is likely to affect retirement,
causing bias in β1 due to reverse causation. In order to circumvent these endogeneity
issues of retirement in the OLS specification, we apply regression discontinuity design
(RD).

Regression Discontinuity Design (RD) exploits institutional settings that determine
access to a treatment. The general idea is that treatment (retirement) is determined
by a running variable, in this case age, reaching a known threshold. Units above
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the threshold receive the treatment and units below the threshold do not receive the
treatment, i.e. we use age as an allocation mechanism that determines retirement rather
than using actual retirement behavior.

As laid out in the previous section, the institutional setting in Norway5 provided
incentives for people to retire as soon as they reach the eligible retirement age at 67. In
Figure 1, we show the share of retired individuals from age 55 until age 79 to motivate
the use of RD. The two upper panels are constructed from the survey data, whereas
the two lower panes are constructed using the register data. We show the retirement
timing both by age in years and by age in months to show that people generally do
retire exactly at the timing of eligibility.

5As it was before the retirement reform
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Figure 1. Fraction retired by age in years and distribution of age

Notes: The figure shows fraction retired by age in years and distribution of age from the two datasets.
The two top figures stems from the survey data whereas the two bottom graphs stems from our
administrative data. Points represent means among people in each month-year of birth cell.

In all of the four figures, the patterns are very similar.6 The likelihood of retirement
increases at age 62 when the possibility for early retirement becomes available to most
workers. Then, there is a substantial jump in the fraction retired at age 67, after which
only a negligible share of individuals remains in the labour force. The graphical evidence
thus shows a clear response in terms of retirement at the statutory retirement age. We
build our empirical analysis on this discontinuity in the probability of retirement that
is caused by crossing the age limit for retirement pension eligibility.

6In the graphs above, retirement refers only to those who have actually retired, either through
the early pension program or at the retirement age of 67. This means that individuals on DI are not
considered retired, i.e retirement before the age of 67 refers only to those who have actually retired
through ER. If we take out all individuals that are currently on DI or who were on DI before they
retired, the picture looks the same.
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Formally, identification in the RD framework relies on discontinuities in the prob-
ability of treatment at a (known) threshold of the running variable, and on continuity
in the outcome variable in the absence of treatment at the point of discontinuity. Ap-
plied to our setting, we need the likelihood of retirement to change discontinuously
at a known point in the age distribution, and that absent retirement, there would be
no changes in health at this age threshold. Age determines treatment, but individu-
als cannot manipulate their age. Treatment is therefore randomized very close to the
threshold as a direct consequence of the running variable.

The RD relies on local identification by comparing individuals right above and below
the retirement age cut-off. The discontinuity gap in health at this point identifies the
treatment effect. Since the probability of retirement is discontinuous at the cut-off of
age 67, we can assume that reaching this age limit is what causes individuals to retire.
Importantly, this assumption only holds for individuals close to the cut-off on the age
distribution.

Despite having imperfect compliance, the intention to treat is as if randomized,
which implies a causal interpretation of the estimated effects. The case of imperfect
compliance is referred to as fuzzy RD, and implies that not all individuals chose to retire
at the statutory retirement age of 67. There must still be a difference in the probability
of treatment right above and right below the threshold. The jump in the outcome
variable at the cut-off is divided by the fraction induced to take up treatment at the
cut-off, which resembles a setting with instrumental variables. The effect identified by
the fuzzy RD is the average effect of treatment for units at the threshold and who
are compliers, meaning only people who take the treatment at the threshold. Applied
to our setting, we need the likelihood of retirement to change discontinuously at a
known point in the age distribution, and that absent retirement, there would be no
changes in health at this age threshold. Age determines treatment, but individuals
cannot manipulate their age. Treatment is therefore randomized very close to the
threshold as a direct consequence of the assignment variable. The RD relies on local
identification by comparing individuals right above and below the retirement age cut-off.
The discontinuity gap in health at this point identifies the treatment effect.

The graphs in Figure 1 are indicative of a strong first stage in an instrumental
variable approach, and motivate the use of fuzzy RD. As the probability does not jump
from zero to one at the threshold, there is not perfect compliance. There is a small jump
in the probability of retirement at age 62, the lowest age eligible for early retirement,
and not all individuals chose to retire at 67. Importantly, there is still a strong first
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stage with the probability shifting from 0.2 to 0.92 at the threshold in both data sets.
Despite the fact that age determines eligibility and that it cannot be manipulated,

the design may be invalid if individuals just above the threshold are more likely to
answer a survey than those just below the threshold. This would clearly violate the RD
assumption that the running variable is continuous at the threshold. We assess whether
this is the case in the robustness section with a graph that displays age-in-months-
distribution. There is no apparent discontinuity at the threshold. Importantly, there is
universal access to health care from cradle to grave, i.e. there are no discontinuities in
access to health care at any points along the age distribution.

3.2.2 Estimation and validity of the method
The raw statistics in the previous section show that the fuzzy RD framework is well

suited to answering our research question. As described by Imbens and Lemieux (2008),
the fuzzy RD resembles a setting with instrument variables in which the retirement
coefficient can be consistently estimated using two stage least squares (2SLS). As noted
by Hahn et al. (2001), the treatment effect will therefore be interpreted as a local
average treatment effect (LATE), i.e. the estimated treatment effect of retirement on
health for individuals induced by the age threshold to retire. Formally, we instrument
for retirement using age equal to or above the retirement threshold at 805 months.

The first stage is given by

retirementi = γ0 + γ11[agei ≥ c] + γ2age
B
i + γ3age

A
i + ui (2)

where the endogenous regressor retirementi is a binary variable equal to one if the
individual is retired. 1[•] is an indicator function taking the value one if the condition
inside the brackets is true, and zero otherwise. c represents the retirement eligibility
threshold at 805 months. age is measured in months, and we include continuous age
controls. These are allowed to have different slopes at either side of the threshold.
Superscript B refers to below cut-off and superscript A refers to above the threshold.

The first stage in this 2SLS set-up is simply actual retirement predicted by age
exceeding the threshold, controlling for the general effect of age on health.

We apply retirement as predicted in the first stage, and the second stage is given
by:

healthi = β0 + τ ̂retirement+ β1age
B
i + β2age

A
i + ei (3)

Here, healthi represents the different health measures, all discussed in the next section.
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In all of our estimates, we cluster at the age group level accounting for the imperfect fit
of regression function, as we are using observations away from the discontinuity point
(see Lee and Card (2008)).

As discussed earlier, the RD relies on local identification by comparing health out-
comes for individuals right above c to individuals right below c. Estimation of the main
results are done locally around the threshold. Local estimation implies that we have
to choose the area around the threshold which we use in our regressions, i.e. what
bandwidth to choose. We use the approach proposed by Imbens and Kalyanaraman
(2011) for choosing a bandwidth. This is designed to minimize the mean squared error,
and provides a trade-off between bias and variance. Based on the bandwidth selector,
we chose a bandwidth of 10 months.7 This means that in the estimations we will use
the age range 795 months to 815 months, i.e. 10 months before and after the retirement
age threshold. In the sensitivity analysis, we assess different bandwidths to check the
sensitivity of the results with respect to different bandwidths.

For the 2SLS to provide consistent estimates of the retirement effect on health, we
need to assume monotonicity and that the exclusion restriction holds, besides random
assignment of the treatment and the existence of a first stage as outlined above. For
monotonicity to hold, we must assume that reaching the statutory retirement age does
not make people less likely to retire. We believe that it is highly unlikely that becom-
ing eligible for retirement pension makes someone less likely to retire. The exclusion
restriction implies that the only effect on health from crossing the age threshold for the
statutory retirement age, is through becoming retired. This ensures that there are no
events that exactly concur with the timing of crossing the age threshold that also affect
health, thereby contaminating the estimated effects of retirement on health. We have
no reason to believe that there should be any changes to circumstances that concur
perfectly with aging one month from age 804 to 805 months. As mentioned above,
access to health care remains unchanged throughout the age distribution. We test for
discontinuities in other outcomes in the robustness section.

3.2.3 Robustness Checks
Vital to any RD analysis are thorough robustness checks. We follow Imbens and

7The optimal bandwidth suggested by Imbens and Kalyanaraman (2011) varies by SES-group.
The suggested bandwidth is in the range 8-12 months for all the groups. For simplicity, we apply a
bandwidth of 10 months in all estimations. Choosing different bandwidths within this interval has no
influence on the estimated effects. See the robustness checks in the appendix for more on sensitivity
of bandwidths.
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Lemieux (2008) for robustness checks in RD. These tests include looking for disconti-
nuities in the value of covariates that are not affected by the treatment at the cut-off
test for discontinuities in the conditional density in the forcing variable to avoid self-
selection or sorting into treatment or control; checking for discontinuities in average
outcomes at other values of the forcing variable; and applying different values of the
bandwidth.

The results from the robustness checks are shown in the appendix. Moreover, as will
be discussed in more detail in the data section, we include a sensitivity analysis where
we exclude individuals that are disabled from the analysis. As shown in Figure 1 above,
there is also a discontinuity at age 62, when the early retirement eligibility comes into
play. We will not use this cut-off in the analysis because poor health is an important
predictor of choosing early retirement. It has also been shown that the introduction
of early retirement reduced the incidence of disability insurance (see Bratberg et al.
(2004)).

4 Data

We use data from two separate sources in our analysis. The first is a survey carried
out on a representative sample of Norwegian adults collected in 2007 and 2008. This is
the second wave of the Norwegian Study on Life-Course, Aging and Generation (Nor-
LAG) panel study.8 NorLAG contains individual data on a wide range of both physical
and mental health outcomes, as well as information about socioeconomic status. Data
collection was carried out by Statistics Norway with computer-assisted telephone in-
terviews (CATI), and all respondents are merged with administrative registers from
Statistics Norway for the time period 2002–2012. The registers contain information on
year and month of birth and the exact month of retirement. Furthermore, these regis-
ters contain various sociodemographic background information such as labour income,
social insurance payouts (such as DI) and educational attainment. We are thus able to
construct detailed information for each individual regarding attachment to the labour
market, retirement status and social security take-up, enabling identification of exact
timing of retirement and whether the individual retired directly from the labour force
or transitioned from disability insurance or other welfare programs.

Currently, the panel consists of two waves. The first was collected in 2002. We use
the second wave for most all specifications in this analysis, as this contains a larger

8See Slagsvold et al. (2012) for a thorough description
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sample than the first wave.9 However, for some specifications in the sensitivity analysis
we rely on data from the first wave to obtain information about past labour market per-
formance. In these sensitivity analyses, we thus use the balanced panel which consists
of a total of 3,774 individuals.

To measure health, we apply one physical and one mental health indicator. Physical
health is measured by the Short Form 12 (SF12) scale (Ware et al. (1998)). Self-rated
health (SRH) is one of the components that go into this composite measure of health.
Other factors are measures of the degree to which an individual is able to perform tasks
like vacuuming, moving a table or climbing stairs, whether there are certain tasks that
he could not perform, or whether he had pain that limited his daily activities. The
score is standardized on a scale from 0–100 with a mean of 50 and standard deviation
of 10 using the US population as a reference. SF12 have been found to be a strong
predictor of hospitalization, job loss due to health, future use of medical health services
and depression (see e.g. Ware et al. (1998); Brazier and Roberts (2004) or Jenkinson
and Layte (1997)).

Mental health is measured by the 20-item Center for Epidemiological Studies De-
pression (CES-D) scale (Radloff (1977)). Respondents were asked to indicate on a
4-point scale (1 = rarely or none of the time, 4 = all of the time) how often they
felt sad, depressed, “that my sleep was restless”, “that my life has been a failure,” etc.,
during the previous week. The scores are added to comprise a 0–60 scale of depressive
tendencies, and a score of 16 or higher indicates the presence of significant depressive
symptoms (ibid.). It was designed to identify depression among the general population
and is currently the most widely used instrument to measure depressive symptoms and
to estimate prevalence rates in population surveys (see, e.g. Shafer (2006)).

Occupational status in the NorLag/LOGG data is coded by the ISCO-88 scale.
This has been re-coded into two occupational groups, manual and professional workers.
Following the classical division into blue and white collar workers of higher and lower
skills respectively,10 Manual Workers contains the three categories high and low skilled
blue collar workers and low skilled white collar workers. Professionals are defined as
high skilled white collar workers. This division is made because the first three are more
similar based on observable characteristics.

In the second part of the empirical analysis, we use data that cover the entire

9The first wave contains 5,559 observations (response rate 67%), whereas the second wave contains
15,149 (response rate 60 %)

10http://www.eurofound.europa.eu/surveys/ewcs/2005/classification
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population. Our outcome of interest is a binary indicator of whether someone suffered
an unscheduled and acute hospitalization. Information on hospitalization comes from
the National Patient Register (NPR). The hospitalization is acute in the sense that
treatment is deemed necessary and thus not possible to postpone. Importantly, this
measure of health is not correlated with the time cost to consult medical expertise.
After retirement, individuals have more leisure time and the opportunity cost of seeking
medical help is thus reduced, compared to individuals still in the workforce. It is
therefore likely that the prevalence of diagnoses or medical treatments that are not
acute increase after retirement, when the time cost of seeing a physician has fallen.

As with the NorLAG-data, we also have detailed information for each individual on
social security take-up, date of retirement, month and year of birth as well as educational
attainment and labour income.

4.1 Sample Restrictions and Individuals Outside the Labor Force

We restrict our attention to individuals aged 56–79 in 2007 and 2008 in both data
sets. In the register sample, we use 2008 only, as this is as far back as the NPR data
span. This leaves 4,619 individuals in the NorLAG sample and 892,908 individuals in
the register sample. The register data is a panel of monthly hospitalizations on the
individual level. Here we follow Imbens and Lemieux (2008) and treat the data as
repeated cross sections and pool all months together, treating each observation as an
individual. This also makes the register data more comparable to the NorLAG data.
We account for within person correlation by clustering the errors at the individual level
in the estimations.

For the main analysis, we leave all respondents in the sample. This includes indi-
viduals in the working age population that for some reason are outside the labour force.
This ensures that the intention to treat is maintained in our design. One potential issue
with this approach is that individuals who receive disability insurance are also retired
at 67. We need to exclude the possibility that these individuals are driving the results.
One concern is that a mechanism exists whereby disabled individuals, consciously or
subconsciously, justify their status as disabled while they are of working age, and there-
fore under-report their health. As soon as they are eligible for retirement pension, they
no longer need to justify their health status for receiving disability pension. If this
is the case, one can expect to see an improvement in health for this group. We con-
duct a sensitivity analysis where we exclude all individuals that were not working until
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retirement age from the analyses.
In these sensitivity analyses, we run the whole analysis including only those that

were gainfully employed or working until retirement. Ideally, we want to compare
individuals working up to retirement age to individuals who retired from working (at
the threshold). In the NorLAG data, this is done by adjusting the sample by two rules.
The first implies including only individuals who had income from labour in 2006 in
the analysis, the second by including only individuals who have stated that they are
working or were working before they became retired in the analysis. Some caveats are
worth mentioning; the first rule results in a substantial reduction in the sample size, as
we need to use the balanced panel from both waves of the NorLAG study to identify
the labour income in 2006. In identifying the sub-samples for the sensitivity analyses,
it is crucial that we apply exactly the same selection rule on either side of the threshold,
i.e. we cannot use different “rules” on either side of the cut-off to define those currently
in the labour market and those who were in the labour market prior to retirement. A
potential concern with the second rule is that the formulation of the question to the
working and retired part of the population differs slightly in the NorLAG data. In the
register data, we define individuals as working if they currently have or had positive
income before retirement. The results from the sensitivity analysis are shown in the
Appendix.

4.2 Descriptive statistics

Table 2 displays summary statistics for the sample from both the NorLAG data and the
register data. These are men and women aged 56 - 79 in 2007 and 2008 respectively.
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Table 2. Descriptive statistics

Entire Sample Below Threshold Above Threshold
Source: NorLAG Mean Std. Dev Mean Std. Dev Mean Std. Dev
Age 65.34 [6.58] 66.15 [0.36] 67.00 [0.00]
Female 0.49 [0.50] 0.47 [0.50] 0.50 [0.51]
Living with partner 0.71 [0.45] 0.75 [0.43] 0.72 [0.45]
Less than high school degree 0.23 [0.42] 0.25 [0.44] 0.25 [0.43]
High school degree 0.51 [0.50] 0.45 [0.50] 0.51 [0.50]
Any college 0.27 [0.44] 0.30 [0.46] 0.25 [0.43]
PCS12 46.93 [45.73] 45.73 [12.03] 47.55 [10.12]
Depression 8.72 [7.53] 8.03 [7.15] 8.75 [7.72]
Professional 0.48 [0.50] 0.47 [0.50] 0.50 [0.50]
Manual 0.43 [0.50] 0.40 [0.49] 0.41 [0.49]
Retired 0.44 [0.50] 0.18 [0.39] 0.96 [0.18]
N 4619 190 200

Source: Population level Data
Age 64.92 [6.67] 66.19 [0.38] 67.00 [0.00]
Female 0.51 [0.50] 0.50 [0.50] 0.50 [0.50]
Married 0.63 [0.48] 0.64 [0.48] 0.64 [0.48]
Less than high school degree 0.31 [0.46] 0.32 [0.47] 0.34 [0.47]
High school degree 0.45 [0.50] 0.46 [0.50] 0.45 [0.50]
Any college 0.24 [0.42] 0.23 [0.42] 0.21 [0.41]
Acute Hospital Admission 0.01 [0.10] 0.01 [0.10] 0.01 [0.10]
Retired 0.40 [0.49] 0.29 [0.43] 0.95 [0.21]
N 1,071,068 31,751 33,752

Notes: Standard deviations in square brackets. This table displays descriptive statistics from our two
data sources (See start of section 4 for further details). The NorLag data consits of a representative
sample from 2007/08 whereas the administrative data is measured in 2008. The descriptive statistics
for our population level data are measured as a mean for the year of 2008. The dependent variables
from the NorLAG survey are measures of depression and physical health (PCS12). The dependent
variable from our population data is measured as acute and unscheduled hospitalization.

The first two columns are summary statistics for the whole sample whereas the
next two columns show the summary statistics for those within the bandwidth of 10
months below and 10 months above the retirement threshold of 805 months. These are
the observations within the bandwidth used for estimating the short term retirement
effects in the regression analysis. It is important that the two groups are balanced with
respects to the covariates. In this case, individuals on either side of the threshold are
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similar with respect to education,11 living arrangements and occupation.

5 Results

We begin this section by discussing the first-stage results. The first stage is specified
in equation (2), and we show the estimates of γ in Table 3.

Table 3. First-stage regressions

Entire Sample Men Women
Source: NorLAG
Retired 0.954*** 0.941*** 0.961***

(0.0362) (0.0587) (0.0431)
N 371 190 181
Source: Register Data
Retired 0.706*** 0.665*** 0.746***

(0.00264) (0.00390) (0.0359)
N 840,239 416,611 423,628

Note: This table shows the first-stage regressions as specified in equation 2. Standard errors (in
parentheses) are clustered at the age in month level for the NorLAG data and at the individual level
for the register data. *=p<0.10, **=p<0.05, ***=p<0.01.

The results in Table 3 show that crossing the statutory retirement age significantly
increases the probability of retirement, thus indicating a strong first stage. These results
are in line with the graphical results that we presented in Figure 1.

5.1 Graphical Results

Figure 2 presents graphical evidence on the relationships between health and age for
the three outcomes used in our study: physical health, depression and acute hospital
admissions. The age range spans from 56 to 79 years, and all outcomes are displayed
relative to the retirement age threshold at 805 months, normalized to zero. The lines
are fitted on either side of the threshold using a second order polynomial global fit.

11T-tests confirm that individuals on either side of the threshold are statistically similar with respect
to education, living arrangements and occupation
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Figure 2. Discontinuity in health at threshold

Notes: The three figures presents the age-health relationship for depression, physical health and acute
hospital admissions. The two top figures stems from the survey data, whereas the bottom graphs
stems from our administrative data. Points represent local means for the health outcomes based on
bins among people in each month-year of birth cell. Depressive symptons corresponds to higher values
on the y-scale whereas the scale of acute hospital admissions corresponds to fraction of population
within the bin. The x-axis displays months relative to the retirement age threshold of 805 months,
which is equal to 67 years and one month of age.

The upper right graph in Figure 2 shows the observed health pattern for physical
health for all individuals aged 56–79 in the NorLAG sample. Physical health declines
as individuals age, but there is a substantial jump at the threshold. At this threshold,
the trajectory shifts up to a level of someone 80 months younger, which amounts to
6.5 years. For depression, the evidence of a discontinuity is not as strong. Rather than
observing a substantial jump, there seems to be more of a change in the direction of
the trend. Higher values are associated with more depressive symptoms, so depressive
symptoms are falling towards retirement, and increasing after retirement. Finally, acute
hospital admissions are increasing across the age span 56–79, but we observe a slight
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downward shift in the upward trend at the threshold. This shift suggests that reaching
the retirement threshold leads to reduced risk of acute hospital admissions.

As mentioned above, the effects estimated using RD are only identified close to the
threshold. There is an ongoing debate as to whether it is the cumulative or contem-
poraneous effects of retirement that are the largest (see Coe and Zamarro (2011) and
Mazzonna and Peracchi (2016)). By visual inspection of the graphs in Figure 2, there is
suggestive evidence of a prolonged effect of retirement on both subjective and objective
measures of health. For physical health, retirement shifts individuals to a higher health
trajectory and they seem to stay on that higher health trajectory. We observe a modest
reduction in acute hospitalizations, and retirees seem to stay on that lower trajectory.
For depression, the trajectories before and after retirement are completely different.
Retirement can be a factor that tilts the trajectory from downward to upward sloping.

5.2 Regression results

We present the 2SLS regression results for all three health dimensions in Tables 4, 5 and
6. The effects are estimated using a bandwidth of +/- 10 months around the threshold.
We used the bandwidth selector suggested by Imbens and Kalyanaraman (2011).12 We
estimate the effects for each gender and for the different SES-groups separately.

In Table 7 we present results from a formal test of heterogeneous retirement effects
in which the instrument is interacted with the different SES-groups.

5.2.1 Results, Physical health and Depression
Table 4 displays the results of the short-term retirement effects on physical health

and depression. We find that retirement leads to a 5.7 point increase in physical health
for the population as a whole. This is a substantial effect given that the mean and
standard deviation for this health outcome is 47 and 10 points, respectively. We also
find a strong and positive effect for men (8 points), and we find a positive (4 points),
but not significant effect for women. Our findings are in line with evidence from Coe
and Zamarro (2011) and Eibich (2015). In general, their findings suggests that retire-
ment leads to an increase in physical health in both Germany and the USA. Although
our estimates are short-term effects, previous findings suggest that retirement also has
a cumulative effect on physical health through increased physical activity (Coe and

12This bandwith selector finds the optimal distance in age in months from the threshold by mini-
mizing a trade-off between bias and variance.
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Zamarro (2011); Eibich (2015); Kämpfen and Maurer (2016)). Moreover, Wolin et al.
(2008) point towards “lack of time” as a common barrier to more physical activity. In
line with empirical findings, the Grossman (1972) model shows that retirement may cor-
respond to increased investments in physical activity, as retirees have a lower alternative
cost of engaging in health-promoting activities.

Table 4. The Short Term Retirement Effects on Health

Physical Health Depression
All Men Women All Men Women

Retired 5.689*** 8.036** 4.053 3.437** 2.032 7.816**
(1.979) (3.026) (3.465) (1.707) (2.517) (3.750)

Observations 361 185 176 291 154 137
Note: This table displays the impact of retirement on measures of physical health and depres-
sion for the sample as a whole and for men and women separately. The scale for depression is
reversed, meaning that a positive coefficient equals that people show more depressive symp-
toms by retiring. Standard errors (in parentheses) are clustered at the age in month level.
*=p<0.10, **=p<0.05, ***=p<0.01.

Depression is measured by the sum score CES-D. This scale is reversed so that
higher values imply more depressive symptoms. A positive coefficient implies increased
depressive symptoms. To better fit the data, second order age polynomials for the age
trends both below and above the threshold are included in equations 2 and 4.

We find that in general, people get more depressed when they retire. The effect
size is 3.5 points, which corresponds to one-half of a standard deviation. For women,
the effect is 7 points and significant at the 5 % level. For men, the effect is positive,
but not significant. Our findings provide further empirical evidence to the literature
on retirement and depression. Mazzonna and Peracchi (2016) argue that the shift
in environment caused by retirement can be linked to depressive symptoms, but that
the direction of depressive symptoms can go either way. Coe and Zamarro (2011)
find no causal effects of retirement on depression, whereas Charles (2002) and Eibich
(2015) find that retirement leads to better subjective well-being and mental health,
respectively. Börsch-Supan and Schuth (2013) show that a loss of social interactions
related to retirement may have a negative effect on both depressive symptoms and
mental health.

Based on the discussion in the introduction, we should expect different health effects
of retirement depending on education and occupation. Table 5shows the results by
gender and SES.
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Table 5. Short Term Retirement Effects on Health by SES and Gender

Measure Measure
Physical Health Depression Physical Health Depression

Panel A Male Manual Workers Female Manual Workers
Retired 10.93*** 8.236 13.77* 0.664

(2.067) (5.224) (7.329) (1.408)

Observations 67 51 59 44

Panel B Male Professional Workers Female Professional Workers
Retired -0.595 9.509 1.062 9.408*

(4.575) (6.854) (3.804) (5.301)

Observations 61 54 62 52

Panel C Male Low Education Female Low Education
Retired 9.314*** -1.170 7.122 5.329

(2.467) (4.562) (4.817) (3.326)

Observations 130 108 131 98

Panel D Male High Education Female High Education
Retired 4.799 10.64*** -6.610 13.62*

(5.925) (2.649) (6.846) (7.175)

Observations 54 45 45 39
Note: This table displays the impact of retirement on physical health (SF-12) and depression
(CES-D) estimated within groups of different SES and gender. The scale for depression is
reversed, meaning that a positive coefficient equals that people are more depressed. Stan-
dard errors (in parentheses) are clustered at the age in month level. *=p<0.10, **=p<0.05,
***=p<0.01.

For men in the manual sector (Panel A) and men with low education (Panel C), we
find large and positive effects of retirement on physical health. The effects of 9 to 11
points are over one standard deviation and significant at the 1 % level for both measures
of SES. For men with higher SES (Panels B and D), we find small and insignificant
effects, and for men in professional occupations (Panel B), the effect is even negative.

For female manual workers (Panel A), we find a large effect of almost 14 points (sig-
nificant at the 10 % level) on physical health. This group contains only 59 individuals,
which makes it difficult to precisely estimate the effect. For women in the low education
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group (Panel C) the group size is larger and the coefficient is positive, yet the estimate
is insignificant. For women in the professional sector (Panel B), we find no effect on
physical health, and this effect is actually zero for women with higher education (Panel
D).

Our results are in line with the findings of Eibich (2015). He shows that highly
educated individuals benefit less from retirement in terms of self-reported health, com-
pared to individuals with low SES. Insler (2014)) suggests that wealthy people have
more time to invest in their health while working. When we assess depressive symp-
toms, we find that men in the high education group (Panel D) and women with high
SES (Panels B and D) get significantly more depressed by retiring. These effects are
large and significant at the 1 % and 10 % level, respectively. Mazzonna and Peracchi
(2012) and Charles (2002)) argue that highly educated individuals are more likely to
have a job where retirement may have a negative effect on measures such as depressive
symptoms.

Power calculations show that a sample of at least 90 is needed to ensure a power of
0.8. Hence, some of these groups could be too small to precisely estimate the effect. It
could be argued that this should lead to the application of wider bandwidths. However,
wider bandwidths also imply more bias (Lee and Lemieux (2010)). Moreover, as is
the case for physical health, an upward shift in a downward sloping curve implies
underestimating the shift as you start moving away from the threshold.

To sum up, the results are clear in that retirement leads to better physical health
given the low SES for men, but for women the results are too noisy. We cannot say
whether the coefficients are insignificant due to small sample sizes or that there are no
effects for women. However, the pattern in health effects of retirement remains fairly
consistent in that low SES groups have large, positive coefficients in the analysis of
physical health for both men and women, whereas we find large, positive coefficients
on depression for the high SES for both men and women. Based on this analysis, there
do not seem to be substantial differences by gender, but this will be formally assessed
in Section5.2.3.

5.2.2 Results Emergency Hospital Admissions
Table 6 displays the results on acute hospital admissions from the register data.
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Table 6. Short term retirement effects on acute hospitalization

Acute Admissions
All Men Women

Panel A Difference in Gender

Retired -0.00128* -0.00148 -0.00112
(0.000687) (0.00108) (0.000874)

Observations 825,605 407,386 418,219

Panel B Low Education
Retired - -0.000941 -0.00164*

(0.00126) (0.00944)

Observations 302,376 341,065

Panel C High Education
Retired - -0.00342 0.0196

(0.00208) (0.00233)

Observations 105,010 77,154
Note: This table displays the impact of retirement on acute unscheduled hospitalizations.
We include all acute hospitalizations resulting in an inpatient stay. Standard errors (in
parantheses) are clustered at the individual level. *=p<0.10, **=p<0.05, ***=p<0.01.

Panel A explores how retirement affects acute unscheduled hospitalizations for the
population on average and by gender. In general, retirement leads to a small, but
significant reduction in the incidence of acute hospitalizations. The effect is rather small
with a change in incidence equal to -0.00128 and only significant at the 10 % level. It
is worth noting that the overall incidence of acute hospital admission in the population
is low. The effect size of 0.00128 amounts to about 10 % of the total incidences in the
population. When we estimate the effect by gender, we still find negative effects, yet
these are insignificant.

When we assess the effect by gender and SES, we find that retirement leads to
reduced acute hospitalizations for women with low education (Panel B). The effect is
slightly higher than in the population and significant at the 10 % level. Regardless
of the educational level (Panels B and C), we find negative, but insignificant effects
of retirement for men. For women with high education (Panel C) the effects are in
fact positive, but also insignificant. In the sensitivity analysis, we show the retirement
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effect when we assess only individuals who are working and who were working until
retirement.

To some extent, our results contradict findings from Behncke (2012). He shows that
retirement increases the risk of being diagnosed with a chronic condition. However, the
opportunity cost of seeking medical help is greatly reduced after retirement, and it is
likely that individuals with such conditions seek medical help and hence are screened,
thereby increasing the likelihood of diagnosing such conditions.

We also assessed the effect of retirement on mortality, but the results were marginal
and insignificant for any of the groups in question. This is largely in line with evidence
from Hernaes et al. (2013). They find that a reduction in the retirement age in Norway
had no effect on mortality.

5.2.3 A Formal Test of Heterogeneity
Table 7 presents the results from the formal test of the heterogeneity. These are the

results of a reduced form of equation (3), where the instrument is interacted with SES
groups and gender. We estimate the following:

healthi = β0 + γ1[agei ≥ c] ∗ SESi + β11[agei ≥ c] + β2age
B
i + β3age

A
i + ei (4)

where γ is the coefficient of interest and 1[agei ≥ c] is the instrument indicating
whether age in months is equal to or exceeds the threshold. We apply the same +/- 10
months bandwidth in these regressions.
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Table 7. Formal test of differences by SES

Measure
PCS12 Depression Acute Admissions

Panel A Low education
Retired 4.975 2.809 -0.000608

(3.12) (1.94) (0.000618)

Observations 361 291 840,239

Panel B Gender
Retired 3.696 -1.556 -0.000468

(2.55) (2.08) (0.000576)

Observations 361 291 840,239

Panel C Manual Workers
Retired 6.858* 3.160 -

(3.30) (1.94) -

Observations 249 201 -
Note: This table displays the interactions between retirement and SES groups. Standard
errors are clustered at the age in months-group. *=p<0.10, **=p<0.05, ***=p<0.01.

We see that the retirement effects are statistically different from each other when
SES is measured by occupation. Although the estimated effects differ quite substan-
tially by educational group, the differences are not statistically significant when SES is
proxied by education. Moreover, there are no statistically significant differences in the
retirement effect by gender.

6 Conclusion

In this paper, we study the health effect of retirement using the statutory retirement
age at 67 in a regression discontinuity design. We apply a combination of survey and
register data – with measures of acute hospitalization, symptoms of depression and
physical health – which allows a more comprehensive approach to study health effects
of retirement.

We find that on average retirement has a positive effect on physical health and a
negative effect on mental health. When we assess the effects by different SES groups, we
find that retirement has a positive health effect for individuals with low socioeconomic
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status. This holds for both physical health as measured by the subjective SF-12, and
the objective acute hospital admissions. We find no significant effects on these health
outcomes for the high SES groups. For depression, the pattern is somewhat reversed;
we find no effect for the low SES group, but retirement leads to increased depressive
symptoms for the high SES groups.

Robustness checks confirm that there are no discontinuities at the threshold in the
distribution of the forcing variable, or in covariates that should not be affected by
retirement. Additionally, we do not find discontinuities in the dependent variable at
other points along the age distribution. Finally, the results are robust to different
bandwidths.

The results for depression should be handled with some care. The graphic evidence
did not show a clear discontinuity at the cut-off, and the regression results are somewhat
sensitive to the polynomial specification applied. For acute hospital admissions, we
found some inconsistencies in that there is a small significant effect at the lower placebo
level. In general, our findings on physical health are in line with the previous literature.
However, this is not the case for depressive symptoms. Furthermore, the retirement age
applied in earlier assessments, ranging from late 50s to about 65, are lower than in our
study. We use a retirement age of 67. The higher age threshold applied in this study
is valuable for policymakers. Current retirement reforms typically aim at increasing
working lives, thereby mainly affecting workers who stay in the labour force until these
higher retirement ages.

There is a paucity of analyses that apply objective health outcomes in the liter-
ature. Importantly, this study confirms that it is not just the experience of health
that improves, but the actual risk of hospital admissions that is reduced by retirement.
We can thus confirm that it is not only that individuals feel better about their health
after retirement, they are in fact healthier in terms of reduced likelihood of hospital
admissions.

This study accentuates the importance of assessing heterogeneous effects for indi-
viduals in different circumstances. Our findings indicate that the retirement reforms
aimed at prolonging working life can be socially distortive due to the differential effects
based on SES. Retirement at 67 leads to reduced likelihood of emergency hospitaliza-
tion and increased physical health for low SES groups, while the higher SES groups
might benefit from working longer, as they experience more depressive symptoms due
to retirement at 67.
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7 Appendix

7.1 Disabled Individuals - Past Labor Income and Self-Reported Work Status

As stated above, individuals on disability insurance are mechanically transferred from
disability pension to retirement pension at age 805 months. We need to make sure that
the positive effect we found on the SF-12 is not driven by these individuals. Initially
there is no reason to believe that there should be an effect for these individuals as they
were not working before retirement, i.e. they should have no change in circumstances.
However, as the health measure contains elements of self-assessed health, one could
imagine that someone who is disabled need to justify their status as disabled, consciously
or subconsciously. In this case health prior to the statutory retirement age would be
underreported. When they are no longer in a situation where poor health is defining
their labor market status, they feel healthier, or no longer have the need to report poor
health. If this scenario is plausible, we need to rule out that the results found in Section
5 are driven by this group.

Table 8 displays the results from two sub-samples, each aimed at eliminating the
disabled from the analysis. The non-disabled subsamples are defined in Section 3.
Finding coefficients of the same sign and magnitude, albeit not statically significant
for the second rule, can ensure us that these effects are not driven by the disability
justification hypothesis.

In Table 9 we assess this with the population level data, the results are amplified
in both magnitude and statistical precision. The results are still insignificant for all
groups except men in the low SES group, thereby confirming that individuals outside
the labor force are not driving the results. Rather, for this outcome, as this is not
subject to the potential justification bias, we should expect that individuals who retire
formally at 67, but without any actual change in circumstances, should water down the
effects we see in the population in general.

7.2 Robustness Checks in the Regression Discontinuity Design

Below we assess the sensitivity of the results for different bandwidth selections; we check
for discontinuities in the forcing variable, age, at the cutoff; we test for discontinuities
in other outcomes that should not have been effected by the threshold; and we check for
discontinuities in the outcome of interest at points in the age distribution where there
should not be any discontinuities. This follows the suggestions in Imbens and Lemieux



(2008) closely.

7.2.1 Bandwidth Selection
The worry in an RD application is that using a bandwidth that is too wide, allows for

other things than the intervention of interest to drive differences in outcomes for those
right above compared to those right below the threshold. In Table 8 we display the
results for physical health and depression, and for the groups as a whole and for men and
women separately using a bandwidth of 7 months and 15 months. Using a bandwidth of
7 months does not alter the results, increasing the to 15 months bandwidth somewhat
reduce the effects

7.2.2 Continuity of the Forcing Variable
Vital to any RD application is that individuals are unable of manipulating the forcing

variable. In this case, the forcing variable is age, which individuals cannot change in any
way. It could however be the case that retired individuals are more likely to respond to
the survey due to the reduced opportunity cost of time. Figure 3 shows two histograms
of age in months to look for bunching at the threshold.

Figure 3. Discontinuity of the Forcing Variable

There is no evidence of any discontinuity in the forcing variable at the threshold.13

For the population level data, this holds by construction, as all individuals are repre-
sented in the data, and people cannot manipulate their age.

13We also did a more formal test proposed by Cattaneo, Jansson, and Ma (2015a). a local polynomial
density estimator for testing the null of continuous density of the forcing variable at the threshold.
The p-value under this test is 0.3251.



Figure 4. Discontinuity in other variables

7.2.3 Placebo Tests
In Table 8 we also test for jumps in the two health outcomes at points in the age

distribution where there should be no discontinuity. A common practice is to conduct
placebo tests at the median of the two sub-samples below and above the actual cutoff.
In this case, the median age at the distribution below the threshold is at age 62. This
cannot be used for this purpose, as some individuals can retire at this age. We therefore
use age 59 for the lower placebo. For the upper placebo, we use the cutoff median which
is age 72. No jumps or significant effects was found at these placebo thresholds. We
apply the same placebo thresholds for acute hospital admissions, and the results are
displayed in Table 9. Here we find no effects at the higher placebo, but we do find some
effects at the lower.

7.2.4 Discontinuity in Other Outcomes
To ensure that it is retirement that is driving the effect and not something else, we

look for discontinuities in an outcome that should not be affected by retirement, at least
not in the short term. Figure 4 checks for discontinuities for the likelihood of living
with a partner.

This graph does not indicate that are any discontinuities in the likelihood of living
with a partner at the threshold. this variable at the threshold. Moreover, the 2SLS
estimation of equation 2 and 3 confirm this. For the register data, we see no significant
difference in being married in either side of the threshold.
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