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a b s t r a c t

Objective: This study explores how the choice of voluntary early retirement (VER) affects mortality in a
population where VER is available 5 years before regular retirement age.
Study design: This retrospective cohort study uses a registry-based follow-up design with access to
Nationwide Danish Registry Data.
Methods: The study includes all Danish individuals who between 2000 and 2015 were part of an un-
employment insurance fund and working at the time of their 60th (P60) or 62nd (P62) birthday. Those
alive 1 year from their 60th or 62nd birthday were included in the mortality analysis. Individuals were
registered as VER recipients if they chose the benefit within 1 year from P60 or P62. Three-year mortality
likelihood following the first year from inclusion was explored for both cohorts separately. Multiple
subgroups were explored in the mortality analysis, including individuals with chronic obstructive pul-
monary disease (COPD), heart failure, and diabetes.
Results: P60 included 627,278 individuals, and VER was chosen by 22.5%. P62 included 379,196 in-
dividuals, and VER was chosen by 33.4%. The likelihood of VER in the P60 was lower in healthy in-
dividuals (odds ratio [OR] 0.87, confidence interval [CI] 0.85e0.88) and higher in COPD (OR 1.15, CI 1.07
e1.22) and heart failure patients (OR 1.15, CI 1.05e1.25). Three-year mortality was significantly higher in
those choosing VER in P60 (OR 1.28, CI 1.22e1.34), which was also found for all health subgroups
(healthy, OR 1.18, CI 1.07e1.30; COPD, OR 1.55, CI 1.16e2.07; heart failure, OR 1.42, CI 1.02e1.98; diabetes,
OR 1.36, CI 1.12e1.65). The increased mortality risk was not found in the P62 cohort.
Conclusion: The choice of VER is more likely in patients with COPD and heart failure. VER in the P60
cohort is associated with an increased mortality likelihood, which was not found in the P62 cohort,
which may be explained by health selection bias.
© 2022 The Author(s). Published by Elsevier Ltd on behalf of The Royal Society for Public Health. This is

an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
Introduction

To remain attached to the workforce is, from a societal
perspective, highly important to minimize public spending and
increase tax revenue. Multiple reasons for not participating in the
workforce exists, such as disability pension, unemployment, and
early retirement, which to varying degrees are associated with poor
self-assessed health, poor mental health, and chronic diseases.1 In
Diseases, Aalborg University
22791512.
n).
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contrast to the previously mentioned benefits voluntary early
retirement (VER) recipients actively chooses to leave theworkforce.
The voluntary part may suggest that the general negative effects
associated with unemployment do not apply to this subpopula-
tion.2 In contrast, the choice in itself may be driven by poor health
status due to chronic diseases, such as heart failure, chronic
obstructive pulmonary disease (COPD), or diabetes, all known to
predispose a poor workforce connection.3e6

Various studies have explored the effect of early retirement on
mortality with contradicting results, as some studies indicate
beneficial effects and others indicate harmful effects, as demon-
strated in themetanalysis by Sewdas et al.7 The explanationmay be
ety for Public Health. This is an open access article under the CC BY license (http://
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that there are in fact both positive and negative effects on self-
reported health status, physical activity, and morbidity in those
who retire from the workforce.8e15

VER benefit is unique to the Danish social system where similar
benefits exist in other countries. It is in Denmark available from age
60 years, and an increase in the benefit is available if VER is post-
poned till the age of 62 years. VER is available to working in-
dividuals who are part of an unemployment insurance fund, paying
into the VER scheme, and not receiving sick leave benefit. The
availability of VER where the absence of sick leave is required raises
the question whether the overall effect of VER is associated with a
positive or negative effect on health outcome. We hypothesize that
the effect of VER represents an overall negative effect on mortality,
making it a prognostic tool for clinicians to identify vulnerable
individuals.

Thus, the aim of this study was to explore whether people with
comorbidity are more likely to choose VER at both ages 60 and 62
years. We will furthermore explore whether the choice of VER at
age 60 and 62 years is associated with an increased mortality.

Methods

Study setting

Danish social security system
During the study period, Denmark had between 5.3 and 5.6

million citizens. In Denmark, health care, education, and retirement
benefits are funded through the Danish taxpaying system.
Danish VER

VER is available to people who were members of an unem-
ployment insurance fund and who contributed to the VER benefit
fund. In addition, contributions to the VER benefit fund must start
before the age of 30 years, and access to VER from the age of 60
years is not available if you are on sick leave or in other ways
incapable of working. Furthermore, a minimum salary during a
period of 3 years before detachment is required to ensure that the
only individuals actively working are eligible. Changes to the VER
benefit during the study period did not affect the individuals
included.
Study population

The study included all Danish citizens who reached the age of 60
years between January 1, 2000, and December 31, 2015. Two study
populations were created, one including people at their 60th (P60)
birthday and one consisting of people still part of the workforce at
their 62nd (P62) birthday.
Exclusion
Identical exclusion criteria were used for both groups; in-

dividuals receiving any type of public support (e.g. unemployed, sick
leave, disability pension; see Table S1), aswell as individuals not part
of an unemployment insurance or with either missing values on
educational level or income were excluded.16 Patients alive 1 year
from P60 and P62 were included in the mortality analysis.
Subgroups
Health status subgroups (healthy, heart failure, COPD, diabetes)

and demographic subgroups (male, female, income [low/high], and
education level [short and medium/long/very long]) and combi-
nations hereof were created for the mortality analysis.
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Data sources

A pseudonymized version of the unique Danish Civil Personal
Numberwasused to identify individuals acrossdifferent registries.17

Multiple different national Danish registries were accessed for the
purpose of this study. The following registries were accessed: The
National Patient Registry,which contains information on all hospital
contacts with access to diagnosis codes;18 The Danish National
Prescription Registry, with information on prescriptions redeemed
from the pharmacy;19 the Danish Cause of Death registry, with ac-
cess to time of death;20 the Statistics Denmark, with access to age,
sex, income, and educational level;17,21 and the Danish Labour
Market Registry, with access to workforce connection.16

Retrospective registry studies do not require ethical approval or
informed consent in Denmark. Access to data was granted by the
Capital Region of Denmark (approval nr. P-2019-191).

Outcomes

The outcome VER was defined as individuals choosing it within
1 year from inclusion in the P60 and P62 cohorts. Three-year
mortality 1 year from inclusion was furthermore explored for
both cohorts.

Variable definitions and covariates

Health subgroups
Citizens were categorized as suffering from a disease if they had

a hospital contact within the past 5 years, or, in the case of diabetes,
had redeemed a prescription of antidiabetics within the past year.
Diagnosis of COPD (International Classification of Diseases, 10th
Revision [ICD-10], DJ44), heart failure (ICD-10, DI42 DI43, DI50),
and diabetes (ICD-10, DE10-14; ATC, A10) was used for the group
analysis. Individuals were defined as healthy if they did not have
any diagnosis (as listed in Table S2) and no redeemed prescriptions
in the past 6 months.

Comorbidity
Charlson comorbidity index was used in the analysis as a factor

to adjust for comorbidity excluding the healthy subpopulation.22

Diagnosis codes used for Charlson is shown in Table S2.

Demographics
Highest achieved educational level was categorized into four

groups, corresponding to the following International Standard
Classification of Education levels: short, 0e2 (early childhood ed-
ucation level to lower secondary education level); medium, 3
(upper secondary education level); long, 5e6 (short-cycle tertiary
education level to bachelor or equivalent level); very long, 7e8
(masters/doctoral degree or equivalent).23

Income was defined as low, medium, and high corresponding to
the 0e25%, 25e75%, and 75e100% percentile in the study
population.

Statistical analysis

Continuous variables are presented using means and standard
deviations when normally distributed and median with 25 and 75
percentiles when not normally distributed.

Cumulative incidence plots were used to visualize the age at
which individuals choose VER.

VER as outcome
Choosing VER within 1 year in both cohorts was treated as a

dichotomous variable. Logistic regression was used to explore odds
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ratios for choosing VER adjusting for sex, education level, and
Charlson comorbidity index.

VER as exposure
Logistic regression for each health status subgroup was used to

explore 3-year mortality for both P60 and P62. VERwas also treated
as a dichotomous variable to avoid introducing knowledge on in-
dividuals not choosing VER health status (e.g. disability pension,
sick leave). Covariates included in the analysis were workforce
connection, sex, Charlson comorbidity index, income, and educa-
tional level. Subgroup analysis was performed on demographic
variables, income (low/high), and education level (short and me-
dium/long/very long) to explore if VER associationwith mortality is
different in relation to demographic characteristics.

Comparison of P60 and P62 characteristics and mortality rates
between the groups choosing VER and those not choosing VER
made done using Chi-squared test.

SAS (version 9.4, SAS Institute Inc, Cary, NC, USA) and R (version
4.0. 3, R Core Team (2022). R: A language and environment for
statistical computing. R Foundation for Statistical Computing,
Vienna, Austria.) were used for data management and analysis.

Results

Population

Fig.1 shows inclusionof individuals for P60andP62. Table1 shows
baseline data and events in the population at both time points.

Voluntary early retirement

In the P60 cohort, 22.5% (141,271/627,278) had left the work-
force due to VER, and 0.2% (1232/627,278) died during the first 12
months. In the P62 cohort, 33.4% (126,782/379,196) had left the
workforce due to VER, and 0.2% (886/379,196) died during the first
12 months. The percentages of individuals choosing VER in
different subgroups are displayed in Table 2 for both cohorts.
Receiving benefits of
any kind

N(434,233)

Part of unemployment
insurance fund

N(636,038)

Included in study
population age 60

N(627,278)

Not receiving benefits

N(762,122)

Population with their
60th birthday

between 2000-2015

N(1,196,355)

Not part of
unemployment
insurance fund

N(126,084)

Missing data on
education or income

N (7,015) or
emigrated before
age 61 N(1,733)
or missing work

connection
data N(12)

P60

Fig. 1. Flow chart of inclusion for popula
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The cumulative incidence from age 60 years is displayed in
Fig. 2, revealing two waves of individuals choosing VER at age 60
and 62 years.

The likelihood of choosing VER is displayed in Fig. 3. Males,
individuals with higher education level and high income, and
people categorized as healthy have a decreased likelihood of
choosing VER in both the P60 and P62 cohorts. People with low
income have an increased likelihood of choosing VER, and patients
with either heart failure or COPD have an increased likelihood of
choosing VER in the P60 cohort. Diabetes is, in the P62 cohort,
associated with a decreased chance of VER.

Three-year mortality

In the P60 cohort, from age 61 to 64 years, 1.5% (9373/626,046)
died and in the P62 cohort, from age 63 to 66 years, 1.7% (6456/
378,310) died, accounting for the 3-year mortality analyzed. Esti-
mates of odds ratios of mortality likelihood in people choosing VER
compared with people not choosing early voluntary retirement,
according to healthy or disease-specific strata, are presented in
Fig. 4 for both cohorts. VER was not significantly associated with
improved survival in any subgroup in neither the P60 nor in the P62
cohort. On the contrary, the majority of the subgroups in the P60
cohort had a significant higher 3-year mortality likelihood
compared with the P62 cohort, in which only one group had sig-
nificant higher 3-year mortality (COPD subgroup with medium or
higher education level). All point estimates are lower for the female
subgroups compared with the male subgroups, apart from the
diabetes subgroup in the P62 cohort. In most disease subgroups,
the point estimated mortality likelihood for the high-income sub-
groups is higher than that for the low-income subgroups. This trend
is less clear in the education subgroups.

The complete models reveal a higher likelihood of dying among
males, people with low income and with increasing Charlson co-
morbidity index, and a lower likelihood with increasing education
level and high income in most models.

Comparison of individuals choosing VER in P60 and P62 is dis-
played in Table 3. Significantly more males, higher educated, and
Receiving benefits

N(629,611)

Part of unemployment
insurance fund

N(384,983)

Included in study
population age 62

N(379,196)

Not receiving benefits

N(524,196)

Population with their
62th birthday

between 2000-2015

N(1,153,807)

Not part of
unemployment
insurance fund

N(139,213)

Missing data on
education or income

N (4,749) or
emigrated before
age 61 N(1,029)
or missing work

connection data N(9)

P62

tions age 60 (P60) and age 62 (P62).



Table 1
Population frequency table.

Variable Level Age 60 total Age 62 total

Male 328,591 (52.4) 221,006 (58.3)
Education level

Short 156,815 (25.0) 84,513 (22.3)
Medium 289,670 (46.2) 176,339 (46.5)
Long 139,860 (22.3) 87,287 (23.0)
Very long 40,933 (6.5) 31,057 (8.2)

Income
25% 154,938 (24.7) 94,799 (25.0)
25%e75% 317,397 (50.6) 189,598 (50.0)
75% 154,943 (24.7) 94,799 (25.0)

Status 1 year from inclusion
No VER 484,775 (77.3) 251,528 (66.3)
VER 141,271 (22.5) 126,782 (33.4)
Died 1232 (0.2) 886 (0.2)

Died during follow-up 10,605 (1.7) 7342 (1.9)
Charlson comorbidity

0 547,192 (87.2) 326,381 (86.1)
1 51,424 (8.2) 33,275 (8.8)
2 22,202 (3.5) 14,867 (3.9)
3 3767 (0.6) 2750 (0.7)
4 915 (0.1) 638 (0.2)
5 216 (0.0) 173 (0.0)
6 1308 (0.2) 898 (0.2)
7 or above 254 (0.0) 214 (0.1)

COPD 4769 (0.8) 3002 (0.8)
Heart failure 3232 (0.5) 2375 (0.6)
Diabetes 21,854 (3.5) 14,734 (3.9)
Healthy 188,131 (30.0) 110,082 (29.0)

VER, voluntary early retirement; COPD, chronic obstructive pulmonary disorder.
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people with higher income choose VER at the age of 62 years.
Differences in comorbidity distribution are minimal.

Significant differences between the P60 and P62 cohorts were
seen when comparing the raw mortality rates in those choosing
VER. All significant P-values indicated higher mortality rates in the
P60 group. Significant differences between the P60 and P62 cohorts
were also seen when comparing the raw mortality rates in those
not choosing VER. All significant P-values indicated higher mor-
tality rates in the P62 group (see Tables S3 and S4).

Discussion

This study indicates that individuals with low income, short
education, COPD, and heart failure are more likely to choose VER,
whereas people who are healthy, have longer education, and have
higher income are less likely to choose VER. This indicates that the
choice of VER in the total population is influenced by individual's
social status and comorbidities. The choice of VER furthermore
Table 2
Voluntary early retirement status one year after inclusion (age 60 [P60] and 62 [P62]).

P60

Variable No VER VER

Health 150,344 (79.9%) 37,518 (19
COPD 3407 (76.1%) 1327 (27.8
Heart failure 2458 (76.1%) 746 (23.1%
Diabetes 16,796 (76.9%) 4972 (22.8

P62

Variable No VER VER

Healthy 76,060 (69.1%) 33,875 (30
COPD 1862 (62.0%) 1106 (36.8
Heart failure 1571 (66.1%) 783 (33.0%
Diabetes 9970 (67.7%) 4688 (31.8

VER, voluntary early retirement; COPD, chronic obstructive pulmonary disorder.
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comes with an increased mortality likelihood in individuals
choosing VER at age 60 years and not in patients choosing VER at
age 62 years.

It is seen that the likelihood estimates of choosing early
voluntary retirement for medium, long, and very long education
move toward one when comparing the P60 and P62 groups. The
explanation for this tendency may be that the individuals in the
lower education group are prone to leaving the workforce at 60
years. As a result of this, a survivorship bias is introduced in the P62
lower education group. This is supported by the demographic data,
where the percentages of individuals with a shorter education is
higher in P60 than in P62.

The time relation of the self-assessed health to unemployment
has been explored by Bockerman, who found that unemployment
does not decrease individuals’ self-assessed health and that in-
dividuals with low self-assessed health are more likely to become
unemployed.24 This may also apply to individuals choosing VER
with the choice associated with health status as shown in this
study. Multiple studies have shown an increased likelihood of VER
in individuals with poor self-perceived health status.1,25 Individuals
within disease subgroups are likely to have a poorer self-rated
health compared with healthy due to their chronic diseases.26

Poor self-rated health has previously been found to be associated
with the choice of VER in Denmark in both peoplewith andwithout
chronic diseases.27 Our finding that patients with COPD and heart
failure have a higher likelihood of choosing VER and healthy have a
lower likelihood indicates that this is also the case in our popul-
ation.

The behavior and any possible beneficial and harmful effects
associated prospectively with VER are expected to be the same in
both P60 and P62 or we at least have no reason to believe that this
should change over time. The mortality increases in those choosing
voluntary retirement in the age 60 years cohort must therefore
likely be explained by something else than the VER status itself. The
most obvious explanation for this is that VER at age 60 years is the
first option to retire voluntarily with public support for health
reasons in people finding it difficult to remain in the workforce.
This hypothesis is supported by aforementioned literature on self-
perceived health status association with the choice to retire and by
the increasedmortality risk in peoplewithinworking agewith poor
self-perceived health.28

Gender differences were seen in terms of a significant associa-
tion between choosing VER and mortality in females; however,
when looking at the health-related subgroups in women, no sig-
nificant associations were seen. Furthermore, point estimates are
lower for females than for males in almost all subgroups. The effect
of the difference between men and women may be found in either
their motivation for early retirement or their behavior following
Dead Total (n ¼ 627,278)

.9%) 269 (0.1%) 188,131 (100%)
%) 35 (0.7%) 4769 (100%)
) 28 (0.8%) 3232 (100%)
%) 86 (0.3%) 21,854 (100%)

Dead Total (n ¼ 379,196)

.1%) 147 (0.1%) 110,082 (100%)
%) 34 (1.1%) 3002 (100%)
) 21 (0.9%) 2375 (100%)
%) 76 (0.5%) 14,734 (100%)
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early retirement. Patients’ intentions to retire early have previously
revealed gender differences, as men with poor perceived health
have a higher likelihood of reporting an intention to retire.29 Hy-
pothetically, the differences in poor perceived health may explain
some of the differences seen in the mortality in the male and
Variable

Sex

Education Level

Income

COPD

Diabetes

Heart faliure

Healthy

Units

Male

Low

Medium

Long

Very long

Low

Medium

High

Age 60, 95%CI

0.49 (0.48−0.50)

1.00 (1.00−1.00)

0.75 (0.74−0.76)

0.61 (0.59−0.62)

0.20 (0.19−0.21)

1.33 (1.27−1.39)

1.00 (1.00−1.00)

0.83 (0.78−0.88)

1.15 (1.07−1.22)

1.01 (0.98−1.04)

1.15 (1.05−1.25)

0.87 (0.85−0.88)

0
VER age 60
VER age 62

Fig. 3. Logistic regression model of the likelihood of choosing voluntary early retirement (VE
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female subgroups. The negative effect on physical activity seen in
men retiring from strenuous work may furthermore add to these
differences.15

Patients with COPD and heart failure in the P60 cohort have an
increased likelihood of choosing VER. This implies that the choice at
Age 62, 95%CI

0.67 (0.66−0.68)

1.00 (1.00−1.00)

1.00 (0.98−1.02)

0.92 (0.90−0.93)

0.43 (0.41−0.44)

1.28 (1.21−1.36)

1.00 (1.00−1.00)

0.86 (0.80−0.92)

1.07 (0.99−1.15)

0.91 (0.88−0.95)

1.03 (0.94−1.12)

0.87 (0.86−0.88)

0.5 1 1.5
Odds Ratio

R) benefit with all variables displayed included in the model. Estimates are odds ratios.



All

Healthy

COPD

Heart faliure

Diabetes

All

Female

Male

Short education

Medium/long education

Low income

High income

All

Female

Male

Short education

Medium/long education

Low income

High income

All

Female

Male

Short education

Medium/long education

Low income

High income

All

Female

Male

Short education

Medium/long education

Low income

High income

All

Female

Male

Short education

Medium/long education

Low income

High income

0.05

0.04

<0.01

0.89

0.14

0.44

0.82

0.21

0.09

0.10

0.65

0.49

0.99

0.47

0.82

0.48

0.08

1.00

0.69

0.87

0.52

0.58

0.66

0.23

1.00

0.48

0.93

0.58

0.95

0.37

0.17

0.67

0.93

0.49

0.24

Health SubgroupSubgroup Chisq Test
1.28 (1.22−1.34)

1.18 (1.10−1.28)

1.35 (1.27−1.44)

1.29 (1.19−1.40)

1.28 (1.21−1.36)

1.22 (1.13−1.31)

1.47 (1.28−1.69)

1.18 (1.07−1.30)

1.11 (0.94−1.31)

1.23 (1.08−1.39)

1.15 (0.98−1.35)

1.22 (1.08−1.38)

1.07 (0.92−1.25)

1.44 (1.05−1.97)

1.55 (1.16−2.07)

1.00 (0.61−1.65)

2.00 (1.40−2.87)

1.48 (0.89−2.46)

1.69 (1.18−2.41)

1.38 (0.90−2.14)

1.86 (0.64−5.43)

1.42 (1.02−1.98)

1.12 (0.52−2.40)

1.49 (1.03−2.16)

1.33 (0.73−2.42)

1.45 (0.97−2.16)

1.01 (0.56−1.81)

1.46 (0.56−3.81)

1.36 (1.12−1.65)

1.32 (0.90−1.93)

1.38 (1.10−1.73)
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Fig. 4. Logistic regression model of the likelihood of 3-year mortality in the P60 and P62 cohorts stratified according to disease categories and subgroups of male, female, low/
medium education level and long/very long education level. All models are adjusted for education level, sex, and Charlson comorbidity index in accordance with subgroup division.
Estimates are displayed as odds ratios. Chi-squared test show the p-value of the group difference comparing voluntary early retirement rates in the two cohorts and their death rate.
All significant P-values indicate a favorable outcome for those choosing voluntary early retirement at age 62 years. Subgroup colors; gray ¼ all; pink ¼ female; blue ¼ male;
yellow ¼ education level low and medium; green ¼ education level long and very long. (For interpretation of the references to colour in this figure legend, the reader is referred to
the Web version of this article.)
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this time point is to some extent driven by health status. These
subgroups remain insignificant for the P62 cohort. This tendency
may help explain why a higher mortality is observed with VER in
the P60 and not in the P62 cohort. The choice to retire at age 60
years may represent a cumulative poor health as the first time point
where it is possible to retire voluntarily, which to some extent is
eliminated at age 62 years. This information may increase attention
toward patients choosing to leave the workforce to VER when
possible.

In Denmark, the access to VER is granted without any healthcare
involvement, and therefore, health personnel has the possibility of
intervention on any negative health behavior in direct relation to
retirement. Different availability of VER between countries may
119
affect the generalizability of our results. However, the identification
of individuals choosing to leave the workforce voluntarily as a
vulnerable subgroup is expected to translate to populations from
other countries.

The association of VER and early retirements (disability pension)
with mortality has previously been explored in the Danish regis-
tries by Quaade et al.30 The results from this study suggest that VER
compared with all other patients is associated with a lower relative
mortality risk. These findings are in contrast with our findings,
where no beneficial effects and mainly harmful effects of VER are
observed. The study by Quaade et al. also compared VER to
employed, which revealed an increased mortality risk for VER in
accordance with our study. However, the selection of individuals



Table 3
Voluntary early retirement status at 60 and 62 years.

Variable Level VER at age 60 years
(n ¼ 141,271)

VER at age 62 years
(n ¼ 126,782)

p-value

Sex Male 53,519 (37.9) 65,200 (51.4) <1e-04
Education level

Short 48,078 (34.0) 30,322 (23.9)
Medium 65,150 (46.1) 62,069 (49.0)
Long 25,992 (18.4) 29,277 (23.1)
Very long 2051 (1.5) 5114 (4.0) <1e-04

Income
25% 50,431 (35.7) 33,662 (26.6)
25e75% 72,582 (51.4) 68,960 (54.4)
75% 18,258 (12.9) 24,160 (19.1) <1e-04

Died during follow-up 2578 (1.8) 2183 (1.7) 0.045365
Charlson comorbidity

0 121,939 (86.3) 108,742 (85.8)
1 12,288 (8.7) 11,296 (8.9)
2 5431 (3.8) 5142 (4.1)
3 973 (0.7) 987 (0.8)
4 241 (0.2) 207 (0.2)
5 49 (0.0) 55 (0.0)
6 301 (0.2) 278 (0.2)
7 or above 49 (0.0) 75 (0.1) <1e-04

COPD 1327 (0.9) 1106 (0.9) 0.071101
Heart failure 746 (0.5) 783 (0.6) 0.002308
Diabetes 4972 (3.5) 4688 (3.7) 0.013849
Healthy 37,518 (26.6) 33,875 (26.7) 0.346834

VER, voluntary early retirement; COPD, chronic obstructive pulmonary disorder.
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compared between studies are different, as disability pension pa-
tients are included, and we only include only working patients and
do not differentiate on work status after inclusion.

It is important to emphasize that it is not the authors’ opinion
that VER is harmful because there is no logical way that receiving a
voluntary public benefit can have a harmful biological effect. Any
harmful effects of VER must be derived from either poor health
status before VER as suggested in this study or harmful behavior
enforced by VER such as sedentary behavior. The value of the study
is therefore that the time of VER is a unique way of identifying
individuals at risk of dying at a young age. The access to VER differs
between countries, but it is expected that the problem of in-
dividuals leaving the workforce for health reasons in no way is
unique to the Danish setting.

Strengths and limitations

This study has several strengths. Both cohorts include all in-
dividuals at the same time point in their lives, at the age of 60 or 62
years. This for the purpose of analysis eliminates age, which is
highly correlated with death, as a confounder. The inclusion of all
individuals aged 60 and 62 years over a 15-year period, complete
follow-up on all participants, and the use of multiple administrative
registries ensures not only large cohorts but also high-quality data
with good accuracy.17e20

The choice to include and record health status on the birth date
at the age of 60 and 62 years is done to ensure comparability in the
groups. This does, however, create the possibility that some in-
dividuals will have accumulated more diseases at the time where
they choose VER. This is not expected to change the results
significantly in this relatively young cohort, as the majority of VER
recipients choose to activate the benefit in close relation to their
birthday.

However, there are also limitations to the study. All individuals
included are part of an unemployment insurance fund. The access
to VER is limited to members who actively had paid a monthly fee,
and the number of contributors has declined during the study
period. This may, in our study, force some patients to work, who
120
otherwise would have had a desire to retire and may hereby
contribute to the mortality risk in the control groups and limit the
effects seen. This may introduce selection bias into the study.
However, it does show that in a setting as with the Danish VER, it is
still possible to identify thosewho chose VER at the time it becomes
available as vulnerable individuals. The study design alsomakes the
study cohorts very large compared with the existing studies
exploring the subject of early retirement.7

Fluctuations in the unemployment rates historically may influ-
ence the availability and motivation for choosing VER. However, no
major fluctuations have occurred in unemployment rates during
the study period.

The linear relationship of the time dependency of VER on
mortality was not explored. It is possible that the effect of choosing
VER on mortality at the age of 60 years wears off more quickly than
within the first year of the benefit being available. This may un-
derestimate the effect on mortality for those choosing VER imme-
diately at their 60th birthday who chooses this because of more
severe health issues. However, our study contributes with new
knowledge regarding how VER is associated with mortality in a
social system where VER is a possibility and therefore holds a
unique possibility of identifying atrisk patients.

The choice of treating VER as a dichotomous variable and not as
all the levels of employment was chosen to avoid introducing
health selection bias. People not choosing VER will be registered
with sick leave, disability pension, and so on, which are events that
may also be warranted for the individuals who have chosen VER.
The Danish Labour Market Registry does not record this for patients
on voluntary retirement. Therefore, if these patients were excluded,
health selection bias would be introduced. The group of patients
receiving disability pension at age 61 and 63 years in their
respective cohort analysis will to some extent account for patients
choosing VER due to health status because the benefit is only
available to people not able to work. This choice is hereby expected
to limit some of the health bias related to VER; however, it is un-
likely to account for it all. Therefore, despite trying to account for
the potential health bias selection, the study still clearly indicates
residual health bias between the P60 and P62 cohorts. However, the
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study still provides important health information on people who
voluntarily leave the workforce. Although the access to VER varies
between countries, the VER populations around the world remain
unexplored, and this study indicates that the health of this popu-
lation group should be focus for further studies.

The interpretation of the differences seen in the VER mortality
estimates between subgroups should be done with caution. With
the subgroup divisions creating much smaller groups and events as
shown in Tables S3 and S4, the uncertainty of the point estimates of
the results are affected. This makes the relatively small changes in
the point estimates difficult with overlapping confidence intervals
and point estimates in many subgroups. The systematic differences
seen in gender, as described previously, do however indicate that
some differences between groups exist that are not fully explained
by chance. Furthermore, the relatively small changes within the
P60 and P62 population subgroups indicate that VER generally
represents a negative effect in the P60 cohort and a neutral effect in
the P62.

Conclusion

The choice of VER at the age of 60 years is associated with an
increased mortality. This effect is most likely explained by an un-
healthy selection bias because the association is not found for
people choosing to retire at the age of 62 years. Our results indicate
that patients leaving the workforce at first given possibility are a
vulnerable group regardingmortality. This study hereby adds to the
existing knowledge on how VER is associated with health out-
comes, revealing a time-dependent association with mortality not
previously described to the authors’ knowledge.

Author statements

Ethical approval

None sought.

Funding

No funding was obtained for this article.

Competing interests

C.T.P. has received grants for studies from Bayer and Novo Nor-
disk unrelated to the present study. K.K. has received research
grants from The Laerdal Foundation and speaker's honoraria from
Novartis, both unrelated to the present work.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.puhe.2022.07.019.

References

1. van Rijn RM, Robroek SJ, Brouwer S, Burdorf A. Influence of poor health on exit
from paid employment: a systematic review. Occup Environ Med 2014;71(4):
295e301.

2. Vanthomme K, Gadeyne S. Unemployment and cause-specific mortality among
the Belgian working-age population: the role of social context and gender. PLoS
One 2019;14(5):e0216145.
121
3. Jacobsen PA, Kragholm KH, Torp-Pedersen C, Janssen DJA, Spruit MA,
Weinreich UM. Employment status, readmission and mortality after acute
exacerbation of COPD. Int J Chronic Obstr Pulm Dis 2021;16:2257e65.

4. Rørth R, Fosbøl EL, Køber L, Mogensen UM, Kristensen SL, Chih W, et al. Return
to the workforce after first hospitalization for heart failure: a Danish nation-
wide cohort study. Circulation 2016;134(14):999e1009.

5. Vijan S, Hayward RA, Langa KM. The impact of diabetes on workforce partici-
pation: results from a national household sample. Health Serv Res 2004;39(6 Pt
1):1653e69.

6. Jacobsen PA, van ’t Hul AJ, Djamin RS, Antons JC, de Man M, Weinreich UM,
et al. Characteristics and treatable traits of patients with chronic obstructive
pulmonary disease (COPD) with and without paid employment. Respir Res
2021;22(1):147.

7. Sewdas R, de Wind A, Stenholm S, Coenen P, Louwerse I, Boot C, et al. Asso-
ciation between retirement and mortality: working longer, living longer? A
systematic review and meta-analysis. J Epidemiol Community Health
2020;74(5):473e80.

8. Coe NB, Zamarro G. Retirement effects on health in Europe. J Health Econ
2011;30(1):77e86.

9. Eibich P. Understanding the effect of retirement on health: mechanisms and
heterogeneity. J Health Econ 2015;43:1e12.

10. Neuman K. Quit your job and get healthier? The effect of retirement on health.
J Labor Res 2007;29(2):177e201.

11. Godard M. Gaining weight through retirement? Results from the SHARE sur-
vey. J Health Econ 2016;45:27e46.

12. Behncke S. Does retirement trigger ill health? Health Econ 2012;21(3):
282e300.

13. Kampfen F, Maurer J. Time to burn (calories)? The impact of retirement on
physical activity among mature Americans. J Health Econ 2016;45:91e102.

14. Barnett I, van Sluijs E, Ogilvie D, Wareham NJ. Changes in household, transport
and recreational physical activity and television viewing time across the
transition to retirement: longitudinal evidence from the EPIC-Norfolk cohort.
J Epidemiol Community Health 2014;68(8):747e53.

15. Chung S, Domino ME, Stearns SC, Popkin BM. Retirement and physical activity:
analyses by occupation and wealth. Am J Prev Med 2009;36(5):422e8.

16. Hjollund NH, Larsen FB, Andersen JH. Register-based follow-up of social ben-
efits and other transfer payments: accuracy and degree of completeness in a
Danish interdepartmental administrative database compared with a
population-based survey. Scand J Publ Health 2007;35(5):497e502.

17. Schmidt M, Pedersen L, Sorensen HT. The Danish Civil registration system as a
tool in epidemiology. Eur J Epidemiol 2014;29(8):541e9.

18. Schmidt M, Schmidt SA, Sandegaard JL, Ehrenstein V, Pedersen L, Sorensen HT.
The Danish National Patient Registry: a review of content, data quality, and
research potential. Clin Epidemiol 2015;7:449e90.

19. Kildemoes HW, Sorensen HT, Hallas J. The Danish national prescription regis-
try. Scand J Publ Health 2011;39(7 Suppl):38e41.

20. Helweg-Larsen K. The Danish register of causes of death. Scand J Publ Health
2011;39(7 Suppl):26e9.

21. Jensen VM, Rasmussen AW. Danish education registers. Scand J Publ Health
2011;39(7 Suppl):91e4.

22. Charlson ME, Pompei P, Ales KL, Mackenzie CR. A new method of classifying
prognostic Co-morbidity in longitudinal-studies - development and validation.
J Chron Dis 1987;40(5):373e83.

23. UNESCO. Institute for Statistics: International Standard Classification of Education
ISCED 2011. 2012. Montr�eal.

24. Bockerman P, Ilmakunnas P. Unemployment and self-assessed health: evi-
dence from panel data. Health Econ 2009;18(2):161e79.

25. de Wind A, Geuskens GA, Ybema JF, Blatter BM, Burdorf A, Bongers PM, et al.
Health, job characteristics, skills, and social and financial factors in relation to
early retirement–results from a longitudinal study in The Netherlands. Scand J
Work Environ Health 2014;40(2):186e94.

26. Molarius A, Janson S. Self-rated health, chronic diseases, and symptoms among
middle-aged and elderly men and women. J Clin Epidemiol 2002;55(4):364e70.

27. Sewdas R, Thorsen SV, Boot CRL, Bjorner JB, Van der Beek AJ. Determinants of
voluntary early retirement for older workers with and without chronic dis-
eases: a Danish prospective study. Scand J Publ Health 2020;48(2):190e9.

28. Miilunpalo S, Vuori I, Oja P, Pasanen M, Urponen H. Self-rated health status as a
health measure: the predictive value of self-reported health status on the use
of physician services and on mortality in the working-age population. J Clin
Epidemiol 1997;50(5):517e28.

29. von Bonsdorff ME, Huuhtanen P, Tuomi K, Seitsamo J. Predictors of employees'
early retirement intentions: an 11-year longitudinal study. Occup Med (Lond)
2010;60(2):94e100.

30. Quaade T, Engholm G, Johansen AM, Moller H. Mortality in relation to early
retirement in Denmark: a population-based study. Scand J Publ Health
2002;30(3):216e22.

https://doi.org/10.1016/j.puhe.2022.07.019
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref1
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref1
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref1
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref1
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref2
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref2
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref2
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref3
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref3
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref3
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref3
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref4
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref4
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref4
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref4
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref4
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref4
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref4
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref5
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref5
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref5
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref5
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref6
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref6
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref6
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref6
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref7
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref7
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref7
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref7
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref7
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref8
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref8
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref8
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref9
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref9
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref9
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref10
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref10
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref10
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref11
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref11
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref11
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref12
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref12
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref12
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref13
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref13
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref13
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref14
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref14
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref14
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref14
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref14
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref15
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref15
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref15
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref16
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref16
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref16
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref16
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref16
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref17
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref17
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref17
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref18
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref18
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref18
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref18
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref19
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref19
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref19
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref20
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref20
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref20
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref21
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref21
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref21
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref22
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref22
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref22
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref22
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref23
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref23
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref23
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref24
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref24
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref24
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref25
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref25
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref25
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref25
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref25
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref26
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref26
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref26
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref27
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref27
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref27
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref27
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref28
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref28
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref28
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref28
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref28
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref29
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref29
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref29
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref29
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref30
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref30
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref30
http://refhub.elsevier.com/S0033-3506(22)00227-X/sref30

	Voluntary early retirement and mortality in patients with and without chronic diseases: a nationwide Danish Registry study
	Introduction
	Methods
	Study setting
	Danish social security system

	Danish VER
	Study population
	Exclusion
	Subgroups

	Data sources
	Outcomes
	Variable definitions and covariates
	Health subgroups
	Comorbidity
	Demographics

	Statistical analysis
	VER as outcome
	VER as exposure


	Results
	Population
	Voluntary early retirement
	Three-year mortality

	Discussion
	Strengths and limitations
	Conclusion

	Author statements
	Ethical approval
	Funding
	Competing interests

	Appendix A. Supplementary data
	References


