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Chapter 8

Abstract
Objectives: This study summarized available evidence on the association between early
and on-time retirement compared to continued working and mortality. Moreover, this
study investigated whether and to what extent gender, adjustment for demographics and
prior health status influence this association.
Methods: A systematic literature search of longitudinal studies that investigated the
association between retirement and mortality was conducted. A qualitative analysis of
the included studies was performed, followed by a meta-regression analysis to assess
the influence of prior health and demographics. Random-effects models were used in
a meta-analysis to estimate the pooled effects for relevant subgroups identified in the
meta-regression.
Results: In total, 25 studies were included. Adjustment for prior health and demographics
influenced the association between retirement and mortality (p<0.05). The results of the
meta-analysis of 12 studies, are presented for ‘insufficiently adjusted’ and ‘fully adjusted’
subgroups. There was no association between early retirement and mortality compared
to working until retirement (fully adjusted subgroup: HR 1.05, 95% CI: 0.87-1.28). On-time
retirement was associated with a higher risk of mortality compared to working beyond
retirement (insufficiently adjusted subgroup: HR 1.56, 95% CI: 1.41-1.73). However, in
the subgroup that adjusted for prior health, on-time retirement was not associated with
mortality (HR 1.12, 95% CI: 0.98-1.28).
Conclusion: Early retirement was not associated with a higher risk of mortality. On-time
retirement was associated with a higher risk of mortality, which might reflect the healthy
worker effect. It is important to consider information on prior health and demographics
when studying the association between retirement and mortality to avoid biased findings.
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Background
In many countries, the population is ageing due to increasing life expectancy and decreasing
birth rates (1, 2). To minimize the growing proportion of retirees compared to the active
working population, many governments have raised the statutory retirement age and have
linked retirement age to life expectancy (3, 4). In most European countries, the statutory
retirement age has gradually increased from 65 years in 2012 to 67 or 69 years in 2022 (5-7).
Of particular concern, however, is whether and to what extent an increasing retirement
age may affect the health of older people after retirement.
In recent years, there has been a growing interest in studying the impact of work and
retirement on health (8-16). In general, working is beneficial for wellbeing and health (1722). This is also illustrated by previous systematic reviews showing that a transition from
work to retirement may lead to increasing general and physical health problems (8, 9).
However, retirement can also result in improvements in mental health (8, 9). The conflicting
results may be explained by the type and age of retirement, i.e., whether early (e.g., before
63 years in Finland, and before 65 or 60 years for men and women, respectively, in Austria),
or on time (e.g., between 63 and 67 years in Finland, and at 65 or 60 years for men and
women, respectively, in Austria). For example, previous studies in Finland and the UK have
shown that physical and mental health improve after early retirement (23, 24), whereas
a study in the US found a decline in physical health after on-time retirement compared
to working beyond retirement (25). These conflicting results are mostly from studies
of subjective health outcomes and may represent rather acute effects of retirement.
Therefore, it is more useful to examine the long-term association between retirement
and health, and stratify the analysis by type of retirement (early and on-time retirement).
There are two prevailing beliefs when it comes to the association between retirement and
mortality. The first belief is that people who retire (early) may live longer than those who
continue working since retirement may serve as a release from the adverse effects of work
demands (26, 27). The other belief is that those who retire (early) die sooner since retirees
no longer experience the beneficial health effects of work and/or workers in poor health
retire earlier than workers in good health (28, 29). These different explanations are evident
in a previous systematic review that found mixed evidence on the effects of on-time and
early retirement as risk factors for mortality when analyzed separately (30). More recently,
several studies have assessed the impact of retirement age on mortality, but they have
also had mixed findings (31-46). A summary of the available evidence on this topic and
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an analysis of whether and to what extent prior health status influences the association
between retirement and mortality would help to clarify the situation. In addition, possible
gender differences in this context are important to consider since in some countries women
have a lower retirement age, and women live longer than men in general worldwide (47).
Therefore, the main objective of this study was to summarize available evidence from
longitudinal studies on the association between early and on-time retirement compared
to continued work participation and mortality. Moreover, this study investigated whether
and to what extent gender, adjustment for demographics and prior health status influence
the association between retirement and mortality.

Methods
A systematic review, meta-regression analysis and meta-analysis were conducted to
explore the association between retirement (early and on-time) and mortality. The protocol
for the current study was registered in PROSPERO a priori (48). The current study was
reported according to the PRISMA guidelines (49).

Search strategy and selection criteria
A literature search was conducted in March, 2018, in the following databases: PubMed,
Embase, CINAHL, PsychINFO, IBSS, ABI/Inform, Business Source Elite, and EconPapers.
The search terms were: retirement, pension, early pension, mortality, survival, and
longevity. We searched for longitudinal studies (both retrospective and prospective) that
compared either early retirement and working until retirement or on-time retirement and
working beyond retirement. Studies that assessed the impact of work disability pension
on mortality were excluded since health is inherent to this exit route (23, 24). Studies were
included if they used all-cause or cause-specific mortality as an outcome. Only studies
written in English and published in peer-reviewed journals were selected.

Study selection
First, two reviewers independently screened 20% of the potentially relevant titles and
abstracts for eligibility based on the inclusion and exclusion criteria. The remaining titles
and abstracts were screened by one reviewer. Full-text articles were retrieved for further
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assessment of eligibility when a) references appeared to be eligible based on title and
abstract, b) consensus could not be reached, or c) there was no abstract available. Screening
of full-text articles was performed by two reviewers. Discrepancies were discussed until
consensus was reached. Finally, reference lists of the included studies were checked for
other potentially relevant studies.

Data extraction
One reviewer extracted data from all selected studies, and this data was checked by a
second reviewer. The following information was extracted: first author, study design,
dataset used, country, description of pension system, study period, years of follow-up,
sample size, characteristics study population, and confounders. Information on the effect
estimate (adjusted for confounders), and variance or standard error of the effect estimate
(calculated from the confidence interval or p-value) was extracted for the meta-regression
and subsequent meta-analysis. For studies with missing information, the corresponding
author was contacted to request the required data.

Quality assessment
For methodological quality assessment, nine criteria based on Hayden’s checklist (50) were
used (see Table 1). Each item was scored as positive (+) or negative (-), whereby negative
was seen as potential bias. One reviewer performed the quality assessment for all selected
studies, and this assessment was checked by a second reviewer. Next, a second reviewer
assessed 20% of the studies for quality. A high-quality study was defined as a study with
a positive score on at least 50% of checklist criteria.

Qualitative analysis
Results from the studies are presented in the results Table 2 with ‘+’ = higher risk of
mortality, ‘-’ = lower risk of mortality, or ‘0’ = no association.
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Table 1. Checklist of methodological quality.
Study objective

positive if a clearly stated objective is described

Study population definition

positive if the main features of the study population are clearly described,
including the in-and exclusion criteria
positive if the study measure retirement (exposure) before mortality
(outcome)
positive if mortality was clearly defined
positive if actual retirement is used as exposure instead of (early)
retirement offer/window/reform, since in the latter case it is not known if
the exposed group is actually retiring earlier than the non-exposed group
positive if retirement information is register based instead of selfreported
positive if age, gender (if applicable) and socioeconomic position are
taken into account as confounders
positive if adjusted for health status (e.g., self-rated health, disability,
pre-existing health conditions, hospitalizations) prior retirement, or
stratified for health status prior retirement, or excluding participants
that retired due to poor health
positive if appropriate statistical model is used to evaluate data, and if
point estimates and measures of precision (e.g., confidence interval or
standard error) were described

Study design
Outcome
Exposure-a

Exposure-b
Study confounding
Study confounding health

Data analysis

Summary measures
Studies with an effect measure (i.e., risk ratio, odds ratio or hazard ratio) were included
in the meta-regression and meta-analysis. From these studies, effect sizes were used to
estimate (if not already presented) a hazard ratio (including a 95% confidence interval)
for mortality. For studies that investigated the influence of an older age at retirement
on mortality (without specifying the type of retirement or the comparison group), the
inverse of the effect estimate was calculated to determine the influence of ‘retiring earlier’
compared to retiring later on mortality.
In the meta-regression, we determined whether and to what extent adjustment for prior
health status, demographics and gender influenced the association between retirement
and mortality. Demographics included age, gender (if applicable), and socioeconomic
position (i.e., education and/or income). To investigate whether and to what extent ontime retirement differed from retiring earlier, we also included retirement type in the metaregression. In the meta-regression analysis, the pooled hazard ratios (HR) were stratified
by adjustment for these study characteristics. We used linear regression models to identify
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the influence of these study characteristics on the estimated risk of mortality (expressed
in beta; significance p<0.05).
In the meta-analysis, the HRs were pooled using Review Manager version 5.3, and
presented in forest plots by type of retirement (i.e., early retirement, on-time retirement,
and retiring earlier), which was defined by the authors of the current study. Other subgroup
analyses were presented in forest plots based on the results from the meta-regression
analysis. Heterogeneity of the results was assessed using the I2 statistic. Since I2 was above
50% in most forest plots, random effect models were applied for statistical pooling.

Results
Study selection
Figure 1 presents a flow diagram of the search, screening and selection process. The
search strategy resulted in a total of 6,919 records. After removing duplicates, 4,099
unique records were screened by title and abstract. A total of 81 full-text publications
were selected for further investigation. Finally, 22 studies met the inclusion criteria and
three more studies were identified by reference list screening. Thus, a total of 25 studies
were included in the current study.

8

Study characteristics
Table 2 presents an overview of the characteristics of the included studies. Most studies
were cohort studies, and a few studies used an instrumental variable approach to study
the association between retirement and mortality. The follow-up periods in the included
studies ranged from two to 31 years. Most studies were conducted in European countries
(e.g., Sweden, Denmark, the Netherlands, United Kingdom, Austria, Greece, Germany and
Norway), and the United States. A few studies were conducted in Canada, Israel or Japan.
The majority of the studies had a pension system with a statutory retirement age of 65
years, and the possibility to retire early. Seventeen studies investigated the association
between early retirement and mortality (26-29, 31, 37, 38, 40, 41, 45, 46, 51-56), while
three studies investigated the association between on-time retirement and mortality (35,
57, 58). One study investigated the association between early retirement and mortality
as well as the association between on-time retirement and mortality (34). Four studies
investigated the influence of a change in the retirement age or the influence of having a
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mandatory retirement rule at work compared to no mandatory retirement rule (44, 59-61).
A mandatory retirement rule implies that workers have to retire once they reach a certain
age and are not allowed to prolong work participation.

Records identified through
database searching
(N = 6919)

Records after duplicates
removed
(N = 4099)

Full-text articles assessed
for eligibility
(N = 81)

Studies included
(N = 22)
Additional records identified
through screening references of
included studies
(N = 3)

Studies included in
qualitative synthesis
(N = 25)

Records excluded
(N = 4018)

Full-text articles
excluded, with reasons
(N = 59)
Exclusion criteria:
• Disability
pension as
exposure (N= 19)
• Cross-sectional
studies or no
scientific article
(N=11)
• Other
determinant
than retirement,
retirement offer,
or retirement
reform (N=33)

Studies included in
quantitative synthesis
(meta-analysis and metaregression analysis)
(N = 12)

Figure 1. Flow diagram

Risk of bias
The outcome of the quality assessment is presented in Figure 2. Two studies had a low
risk of bias on all items. All other studies (N=23) had a high risk of bias; for example, some
studies used a (early) retirement offer/window/reform as exposure, which is not the same as
actual (early) retirement. Most studies had a high risk of bias for study confounding; i.e., did
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not include prior health status or demographics as confounders in the analyses. However,
all studies had high methodological quality and were included in the meta-analysis (studies
with an estimated effect measure).

Early retirement versus working until retirement
In the 18 studies that investigated the association between early retirement compared to
continued work participation and mortality, a total of 20 associations were reported. Eight
associations revealed a higher risk of mortality for early retirement, five associations pointed
to a lower risk of mortality, and seven associations showed no association between early
retirement and mortality Table 2.
In the meta-regression analysis, we found that the association between retirement and
mortality was statistically weaker when adjusting for prior health status or demographics
(Table 3). No significant differences (p<0.05) in effect sizes were found between retirement
type, and gender. Therefore, in the meta-analysis, forest plots were calculated for the
subgroup of studies adjusted for prior health status and demographics (i.e. ‘fully adjusted
subgroup’), and studies not adjusted for prior health status and/or demographics (i.e.
‘insufficiently adjusted subgroup’).
A total of seven studies with nine associations were used to estimate a pooled HR for
early retirement and mortality (Figure 3). The pooled HR for four associations in the
insufficiently adjusted subgroup of studies showed no association between early retirement
and mortality HR 1.32 (95% CI: 0.95-1.81). The pooled HR for five associations in the fully
adjusted subgroup of studies was HR 1.05 (95% CI: 0.87-1.28).

On-time retirement versus working beyond retirement
Four studies, with a total of six associations, investigated the association between on-time
retirement and mortality. Four associations revealed a higher risk of mortality for on-time
retirement, and two associations showed no association.
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Figure 2. Risk of bias of included studies. Risk of bias (i.e., + = low risk of bias, - = high risk of bias) for all
criteria (i.e., study objective, study population definition, study design, outcome, exposure, study confounding (demographics or prior health status), and data analysis)
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All studies with six associations were used to estimate a pooled HR (see Figure 4). Three
studies with four associations were classified as an ‘insufficiently adjusted’ subgroup.
One study, Arrich et al. (57) was based only on stroke patients. The insufficiently adjusted
subgroup of studies showed that on-time retirement was associated with a higher risk of
mortality compared to working beyond retirement HR 1.56 (95%CI: 1.41-1.73). No study
could be classified as ‘fully adjusted group’, but it was possible to classify two associations
in a subgroup adjusted only for prior health status. The pooled hazard ratio for two
associations adjusted for prior health status was HR 1.12 (95%CI: 0.98-1.28).

Other comparisons
Three studies investigated the influence of retiring earlier on mortality without specifying
retirement type or comparison group (Table 2). Two studies revealed a higher risk of
mortality for retiring earlier, whereas one study showed no association. A pooled HR was
estimated based on two associations, and showed that retiring earlier resulted in higher
mortality rates for the ‘fully adjusted subgroup’, HR 1.12 (95% CI: 1.09-1.16).

8

157

158

Study
design

Dataset

Country

Brockmann,
2009 (31)

Continuous
Work History Sample
(CWHS)

United
States

Office for
The United
National
Kingdom
Statistics
Longitudinal
Study (ONSLS)
Social security retired-worker benefits
at age 62

Statutory retirement
age at 60 years for
women and 65 years
for men.

Pension system

Cohort
study

Members
of the
Gmünder
Ersatzkasse
(GEK)

Germany

No information
available

Cohort
Statistics The Nether- Statutory retirement
study
Netherlands
lands
age at 65 years. Early
with an
retirement possible at
instrumenage 55.
tal variable
approach

Cohort
study

Baker,
1982 (26)

Bloemen,
2017 (45)

Cohort
study

Akinwale,
2011 (34)

Early retirement (versus working until retirement):

First
author,
year

Table 2. Characteristics and results of included studies

1990-2004
15 years

2000-2005
5 years

1962-1978
13 years

1971-2006
4 years

Study period
and years of
follow-up

88399 men
and 41276
women

133000
men

64382 men
and women

162073 men
and 186090
women

Sample size
and gender

n.a.

n.a.

n.a.

n.a.

Age, and
socioeconomic
status

Year of birth,
wage income
and education

No

No

Yes
(Hospitalization)

Yes
(Hospitalization)

Yes
(Disability recipients)

No

Men: 0.95 [0.90,
1.01]
Women: 0.75 [0.63,
0.89]

-

-

Men: 1.45 [1.34, 1.57]
Women: 1.97 [1.69,
2.31]

Other spec- Adjusted for
Adjusted or
Authors conclusion
ification(s) demographics stratified for health
(-, ±, or +)
regarding (gender, age, status at baseline
/ hazard ratio of
the study
and SEP)
(definition health mortality [95% consample (if
status)
fidence interval]
applicable)
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Hagen,
2018 (46)

Gopi Shah,
2015 ( 40)

Coe, 2008
(51)

First
author,
year

Dataset

Health and
Retirement
Study (HRS)

Cohort
Statistics
study
Sweden
with an
and the
instrumen- Longitudinal
tal variable Database on
approach
Education
Income and
Employment
(LOUISE).

Cohort
study

Cohort
Health and
study
Retirement
with an
Study (HRS)
instrumental variable
approach

Study
design

Table 2. (Continued)

Sweden

Unites
States

United
States

Country

Statutory retirement
age at 65 years:
reform that raised the
normal retirement
age from 63 to 65

Social security benefit
at age 62 years (not
mandatory, but an
eligibility condition;
by delaying you get
more benefit), and full
retirement age at 66
years.

Early retirement
windows; enhanced
retirements benefits
for early retirement
(younger than 62
years) offered by employers to employees

Pension system
Sample size
and gender

3657 men

4362 observations for men
and women
together

1333026 observations for
women

Study period
and years of
follow-up

1992-2004
2 years

1991-2011
10 years

2001-2010
7 years

n.a.

n.a.

Blue collar
and white
collar workers

No

Yes
(Self-reported
health status)

Age and years
Yes
of schooling/
(Sickness absence
income
and hospitalization)

Gender, age,
education and
wealth

Age, education, and
wealth

0

+

0

Other spec- Adjusted for
Adjusted or
Authors conclusion
ification(s) demographics stratified for health
(-, ±, or +)
regarding (gender, age, status at baseline
/ hazard ratio of
the study
and SEP)
(definition health mortality [95% consample (if
status)
fidence interval]
applicable)

The association between retirement and mortality
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Study
design

Cohort
study
with an
instrumental variable
approach

Case-control study

Cohort
study
with an
instrumental variable
approach

Cohort
study

First
author,
year

Hallberg,
2015 (41)

Haynes,
1978 (28)

Hernaes,
2013 (37)

Kalwij,
2013 (38)

Table 2. (Continued)

Norway

United
States

Sweden

Country

Statutory retirement
age at67 years.
Between 1989-1998,
Norway introduced
an early retirement
scheme for some
employers.

Statutory retirement
age at 65 years. Early
retirement between
62 and 64 years old.

Statutory retirement
age at 65 year, but
early retirement
at age 55 years for
military officers.

Pension system

Income
The Nether- Statutory retirement
panel
lands
age at 65 years.
study and
Statistics
Netherlands

Statistics
Norway

Data from
the Akron,
Ohio plants
of two US
rubber tire
companies

Statistics
Sweden

Dataset

1989-2011
14 years

1992-2010
10 years

1964-1973
5 years

1961-2010
15 years

Study period
and years of
follow-up

6395 men and
6644 women

148643 observations
for men
and women
together

3971
men

n.a.

n.a.

Male
blue-collar
workers,
i.e., hourly
(factory)
employees

Age and
income

Gender, age,
educational
level, and
earnings

No

Income and
education

No

Yes
(Not clear how this
has been defined)

No

No

0

0

+

0.74 [0.59, 0.93]

Other spec- Adjusted for
Adjusted or
Authors conclusion
ification(s) demographics stratified for health
(-, ±, or +)
regarding (gender, age, status at baseline
/ hazard ratio of
the study
and SEP)
(definition health mortality [95% consample (if
status)
fidence interval]
applicable)

283208 obserMilitary
vations
officers
no information compared to
available on other central
gender
government
employees

Sample size
and gender

Chapter 8

Study
design

Cohort
study

Cohort
study

Cohort
study

Cohort
study

Cohort
study

First
author,
year

Litwin,
2007 (52)

Morris,
1994 (53)

Myers,
1954 (27)

Quaade,
2002 (29)

Tsai, 2005
(54)

Table 2. (Continued)

Israel

Country

Shell Oil’s
health
surveillance
system

Statistics
Denmark

The Civil
Service
Retirement
System
(CSR)

United
States

Denmark

United
States

British Re- The United
gional Heart Kingdom
Study

Israeli
national
household
survey and
Israeli Death
Registry

Dataset

No information
available

Statutory retirement
age at 67, and early
retirement benefit
(Efterlon) at age
range 60-66 years.

Statutory retirement
age at 65 years

No information
available

Eligibility for retirement pensions begins
at 60 years for women
and 65 years for men.
Early retirement at
ages 50-64 years
for men and at ages
50-59 for women

Pension system

6191
men

About 1.7
million
men and
women
241634 men
and 254898
women

1978-1990
7 years

1950-1952
2 years

1987-1996
10 years

n.a.

Population
from the
Civil Service
Retirement
System

n.a.

n.a.

No

No

Age and social
class (based on
longest held
occupation)

Gender, age,
education and
income

No

No

No

Yes
(Pre-existing
disease)

Yes
(Diagnosed illness)

1.36 [1.08, 1.72]

+

-

1.86 [1.33, 2.59]

0.93 [0.75, 1.16]

Other spec- Adjusted for
Adjusted or
Authors conclusion
ification(s) demographics stratified for health
(-, ±, or +)
regarding (gender, age, status at baseline
/ hazard ratio of
the study
and SEP)
(definition health mortality [95% consample (if
status)
fidence interval]
applicable)

26781 men and Past employ- Gender, calenwomen
ees of Shell dar year and
Oil
employment
grade

1443 men and
931 women

1997-2004
7 years

1973-2003
31 years

Sample size
and gender

Study period
and years of
follow-up

The association between retirement and mortality
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162

Cohort
study

Cohort
study

Waldron,
2001 (55)

Wolfe,
1983 (56)

Social
Security’s
Continuous
Work History Sample
(CWHS)

Current
Population
Survey (CPS)

Dataset

Unites
States

United
States

Country

Social security retired-worker benefits
at age 62.

Social security retired-worker benefits
from age 62.

Pension system

Cohort
study

Cohort
study

Akinwale,
2011 (34)

Arrich,
2005 (57)

Hospital-based,
stroke
registry

Austria

Office for
The United
National
Kingdom
Statistics
Longitudinal
Study (ONSLS)
Statutory retirement
age at 60 years for
women and 65 years
for men.

Statutory retirement
age at 60 years for
women and 65 years
for men.

On-time retirement (versus working beyond retirement):

Study
design

First
author,
year

Table 2. (Continued)

1998-2002
4 years

1971-2006
4 years

1963-1977
14 years

1973-1998
26 years

Study period
and years of
follow-up

2606 men and
women

162073 men
and 186090
women

No information available
on sample size
men

10938 men

Sample size
and gender

Stroke
patients

n.a.

n.a.

n.a.

Gender, age
and SEP
(based on
levels of
education,
occupation,
occupational
status, and
income).

No

Age and lifetime earnings

Age and education

No

No

Yes
(Disability recipients)

Yes
(Disability recipients)

1.45 [0.79, 2.66]

Men: 1.51 [1.42,
1.60]
Women: 1.62 [1.47,
1.78]

0

1.22 [1.17, 1.27]

Other spec- Adjusted for
Adjusted or
Authors conclusion
ification(s) demographics stratified for health
(-, ±, or +)
regarding (gender, age, status at baseline
/ hazard ratio of
the study
and SEP)
(definition health mortality [95% consample (if
status)
fidence interval]
applicable)
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Cohort
study

Cohort
study

Carlsson,
2012 (35)

Yasuda,
1998 (58)

Cohort
study
with an
instrumental variable
approach

Cohort
study

Cohort
study

Anderson,
1985 (59)

Bamia,
2008 (60)

Tyhurst,
1957 (61)

Other comparisons

Study
design

First
author,
year

Table 2. (Continued)

Company
records from
pensioners
in a large
communications
industry

European
Prospective
Investigation
into Cancer
and Nutrition (EPIC)
study

Retirement
History
Survey
(RHS)

Kochi
prefectural
government

Nation-wide
data base
called LISA.

Dataset

Canada

Greece

United
States

Japan

Sweden

Country

Retirement program
where employees can
retire between 60 and
70 years

Statutory retirement
age at 65 years.

Unexpected change
in mandatory retirement rules – mandatory retirement rule
dependent on current
job

Statutory retirement
age at 60.

Statutory retirement
age at 61 years

Pension system
Sample size
and gender

101404 men
and 63776
women
1235 men

2985 men

16827 men and
women

898 men

Study period
and years of
follow-up

1991-2007
18 years

1977-1996
10 years

1969-1979
10 years

1994-2006
12 years

1917-1954
25 years

Pensioners in
a large communications
industry

n.a.

n.a.

n.a.

n.a.

No

No

Having a mandatory
retirement rule at
work: +

7.39 [1.60, 34.08]

Yes
Men: 1.05 [0.97, 1.14]
(History of inpatient Women: 1.21 [1.08,
care and sickness
1.36]
absence)

No

No

A decrease in
retirement age
versus continued
work participation/
working beyond
retirement): 0

Gender, age
Yes
A decrease in retireand education (Self-reported medi- ment age (versus
cal diagnosis)
continued work participation/working
beyond retirement):
1.12 [1.05, 1.18]

Education,
occupation
and wealth

No

No

Other spec- Adjusted for
Adjusted or
Authors conclusion
ification(s) demographics stratified for health
(-, ±, or +)
regarding (gender, age, status at baseline
/ hazard ratio of
the study
and SEP)
(definition health mortality [95% consample (if
status)
fidence interval]
applicable)

The association between retirement and mortality

8

163

164
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(44)

Health and
Retirement
study (HRS)

Dataset

Unites
States

Country

The age eligibility
for claiming full
retirement benefits
has been gradually
increased from 65 to
67 years, and benefits
available at age 62
years have been
reduced.

Pension system

1992-2010
8 years

Study period
and years of
follow-up

+ = Higher risk of mortality, - = Lower risk of mortality, 0 = No association,

Study
design

First
author,
year

Table 2. (Continued)

967 men and
967 women

Sample size
and gender

n.a.

Gender,
Yes
A decrease in retirebirth cohort, (Self-rated health, ment age (versus still
education and disability and mediworking/working
wealth
cal history)
beyond retirement):
1.13 [1.08, 1.17]

Other spec- Adjusted for
Adjusted or
Authors conclusion
ification(s) demographics stratified for health
(-, ±, or +)
regarding (gender, age, status at baseline
/ hazard ratio of
the study
and SEP)
(definition health mortality [95% consample (if
status)
fidence interval]
applicable)
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Total (early and on-time retirement versus continued work
participation)
Retirement
On-time retirement (versus working beyond retirement)
Early retirement (versus working until retirement)
Retiring earlier (versus continued working)
Gender
Female and male
Female
Male
Adjusted for prior health status
No
Yes
Adjusted for demographics (i.e., gender (if applicable), age and
SEP)
No
Yes
3
9

5
7

5
3
7

4
7
2

0.58 (0.29)
0.16 (0.12)
0.12 (0.01)
0.17 (0.08)
0.27 (0.21)
0.41 (0.25)
0.54 (0.23)
0.10 (0.08)

0.60 (0.25)
0.10 (0.09)

6
9
2
5
4
8
8
9

7
10

Nr of studies Nr of
Mean beta
associations (SE)
12
17
0.31 (0.13)

Effect

1.82 [1.12, 2.97]
1.11 [0.93, 1.32]

1.72 [1.09, 2.69]
1.11 [0.94, 1.29]

1.19 [1.01, 1.39]
1.31 [0.87, 1.98]
1.51 [0.92, 2.46]

1.79 [1.01, 3.15]
1.17 [0.93, 1.48]
1.13 [1.11, 1.15]

HR
[95% CI]
1.36 [1.06, 1.76]

Reference
-0.50 [-0.92,-0.07]

Reference
-0.44 [-0.87, -0.01]

Reference
0.10 [-0.55, 0.74]
0.25 [-0.31, 0.79]

Reference
-0.42 [-0.90, 0.06]
-0.47 [-1.20, 0.27]

Univariate
Beta [95% CI]

0.023

0.044

0.769
0.384

0.083
0.212

p-value

Between group difference

Table 2. Univariate meta-regression models with retirement, gender, adjustment for prior health status and adjustment for demographics modelled as independent
variables and effect size (expressed in beta) as dependent variable.

The association between retirement and mortality

8

165

Chapter 8

Figure 3. Effect sizes for studies investigating the association between early retirement compared to
working until retirement and mortality. SE = standard error; CI = confidence interval, IV = inverse variance.

Figure 4. Effect sizes for studies investigating the association between on-time retirement compared
to working beyond retirement and mortality. SE = standard error; CI = confidence interval, IV = inverse
variance.
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Discussion
In the current study, we showed that early retirement compared to working until retirement
was not associated with mortality. We also showed that in the subgroup of studies that
insufficiently adjusted, on-time retirement was associated with a higher risk of mortality
compared to working beyond retirement. However, in the subgroup of studies that adjusted
for prior health, on-time retirement was not associated with mortality and the effect size
was smaller than in the insufficiently adjusted subgroup of studies. Furthermore, we found
that it is important to consider the influence of prior health status and demographics in the
association between retirement and mortality to avoid biased findings.
One major finding was no statistically significant association between early retirement
(excluding work disability pension) and mortality. Similarly, in the qualitative analysis,
the majority of studies (mostly in the field of economics) had no association between
early retirement and mortality. This can perhaps be explained by a previous study that
showed both poor health and good health can influence the decision to retire early (62).
Older healthy workers may voluntarily decide to retire early to enjoy their life or fulfil other
goals (62, 63). However, there could also be a group of workers who are ‘forced’ to retire
early, for example, because they are fired at a relatively older age. A previous study in the
Netherlands found that workers who preferred a later retirement, actually retired much
earlier than expected perhaps due to lack of choice (64). Such involuntary retirement can
have more negative consequences on health than voluntary retirement (8, 65). A previous
systematic review found that an early exit from work has more adverse health effects
among lower socioeconomic groups compared to higher socioeconomic groups (66). For
example, people working in manual occupations could experience a different impact of
(early) retirement on health than highly educated white-collar workers. We recommend
further research to consider differences between socioeconomic groups, and the actual
voluntary nature of retirement.
The findings of the current study demonstrate that without adjustment for prior health
status, on-time retirement appears to be associated with mortality. In the subgroup
of studies that adjusted for prior health, on-time retirement was not associated with
mortality. This finding may reflect a healthy worker effect, whereby healthy persons are
more likely to work beyond retirement, and unhealthy persons are more likely to exit from
the workforce (67-71). Unlike our result, a previous systematic review by Shim et al., found
mixed results for the association between on-time retirement and mortality, meaning
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that some included studies found no effect or a lower risk of mortality for those retiring
on time (30). However, the authors included studies that used the general population
as a reference group to examine this association, and it is well known that the general
population has higher mortality rates compared to the working population, especially
compared to those working beyond retirement (72). The difference in reference groups
between the aforementioned systematic review and the current study could explain these
conflicting results. This shows that it is important to carefully chose the reference group.
The increased risk of mortality among those who retire on-time compared to those who
work beyond retirement is most likely attributable to the healthy worker effect.
With regard to the role of gender, in the meta-regression analysis, we found no significant
difference in effect size by gender. However, looking at some of the individual studies
that did stratify by gender, different effect sizes for men and women were found (31, 34,
35). For example, Carlsson et al.(35) found that on-time retirement was associated with
an increased risk of mortality for women, but not for men. The absence of a significant
difference in the meta-regression analysis could be explained by the relatively small
number of studies in the subgroup of studies among women (n=3). Since some countries
are applying different statutory retirement ages for men and women, further studies are
needed to elucidate the gender differences in the association between retirement and
mortality.
A strength of the current study is that we summarized the available evidence from
longitudinal studies on the association between retirement and mortality. To our
knowledge, this is the first study that combines the results of the literature by conducting
a meta-analysis. Another strength is that we compared the results between studies that
did and did not adjust for prior health status and demographics. By doing so, we were able
to contribute to an important discussion in the literature: whether the timing of retirement
is related to the risk of mortality, independent of prior health status. Moreover, we were
able to investigate whether the association between retirement and mortality varied across
study characteristics related to the adjustment for demographics, gender and retirement
type.
This study also had limitations. First, the assessment of the full-text articles by two
reviewers to identify discrepancies avoided false positives, but it did not address false
negatives. Therefore, it is possible that relevant studies were missed. However, we
minimized this risk by screening reference lists of the included studies to identify other
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relevant studies. Second, since risk estimates differed among the included studies and not
all data were available from all studies, we were unable to include all studies in the metaregression analysis and meta-analysis (only 12 out of 25 included studies). This resulted
in a relatively small number of studies in some subgroups. For example, in the metaregression analysis where we tested whether retirement type influenced the association
between retirement and mortality (we analyzed four studies for on-time retirement, seven
for early retirement, and two for retiring earlier). In the meta-analysis, we presented the
results for on-time retirement from four studies. If more studies in the meta-regression
and meta-analysis would have been available, then we could have provided more certainty
to our effect sizes. Third, one study, Arrich et al (57) was based only on stroke patients.
However, this study contributed little weight to the pooled HR in the insufficiently subgroup
of studies for on-time retirement and mortality. Fourth, we did not include studies that
investigated the influence of a retirement reform or offer (e.g., by exploiting a natural
experiment) in the meta-regression analysis and meta-analysis since these studies used
risk estimates that could not be pooled with the risk estimates of the included studies.
The findings of the current study have a number of implications and give direction to future
research and policy. Since prior health status is an important factor in the association
between retirement and mortality, in the context of an increasing retirement age,
policymakers should consider health inequalities in the working population. Furthermore,
we showed that there is an urgent need to consider information on demographics and
prior health status in research on the association between retirement and mortality. Not
adjusting for prior health status may lead to a biased conclusion that working longer results
in living longer.
To conclude, we did not find an association between early retirement, compared to
continued work participation, and mortality. On-time retirement, compared to working
beyond retirement, was associated with a higher risk of mortality. However, in the subgroup
of studies that adjusted for prior health, we did not find an association between on-time
retirement and mortality. Hence, when studying the association between retirement and
mortality, it appears to be relevant to consider demographics as well as prior health status.
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