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ABSTRACT
Aim This study summarised available evidence on 
the association between early and on- time retirement, 
compared with 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 was conducted. A qualitative analysis of the 
included studies was performed, followed by a meta- 
regression analysis to assess the influence of gender, 
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 with working until 
retirement (fully adjusted subgroup: HR 1.05, 95% CI 
0.87 to 1.28). On- time retirement was associated with a 
higher risk of mortality compared with working beyond 
retirement (insufficiently adjusted subgroup: HR 1.56, 
95% CI 1.41 to 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 to 
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.

BACkgRound
In many countries, the population is ageing due 
to increasing life expectancy and decreasing birth 
rates.1 2 To minimise the growing proportion of 
retirees compared with the active working popula-
tion, 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 
well- being and health.17–22 This is also illustrated by 
previous systematic reviews showing that a transi-
tion 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, that is, 
whether early (eg, before 63 years in Finland, and 
before 65 or 60 years for men and women, respec-
tively, in Austria) or on time (eg, 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 USA found 
a decline in physical health after on- time retire-
ment compared with 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 analysed 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 available 
evidence on this topic and 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 
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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 inclusion and exclusion criteria.

Study design Positive if the study measured retirement (exposure) before 
mortality (outcome).

Outcome Positive if mortality was clearly defined.

Exposure- a 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.

Exposure- b Positive if retirement information is register- based instead of 
self- reported.

Study confounding Positive if age, gender (if applicable) and socioeconomic 
position are taken into account as confounders.

Study confounding 
health

Positive if adjusted for health status (eg, self- rated health, 
disability, pre- existing health conditions, hospitalisations) prior 
retirement, or stratified for health status prior retirement, or 
excluding participants who retired due to poor health.

Data analysis Positive if appropriate statistical model is used to evaluate 
data, and if point estimates and measures of precision (eg, CI 
or SE) were described.

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 summarise 
available evidence from longitudinal studies on the association 
between early and on- time retirement, compared with continued 
work participation, and mortality. Moreover, this study inves-
tigated 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 (International Prospective 
Register of Systematic Reviews) a priori.48 The current study was 
reported according to the Preferred Reporting Items for System-
atic Reviews and Meta- Analyses guidelines.49

Search strategy and selection criteria
A literature search was conducted in March 2018 in the 
following databases: PubMed, Embase, Cumulative Index to 
Nursing and Allied Health Literature (CINAHL), PsycINFO, the 
International Bibliography of the Social Sciences (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 retrospec-
tive 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 poten-
tially relevant titles and abstracts for eligibility based on the inclu-
sion and exclusion criteria. The remaining titles and abstracts 
were screened by one reviewer. Full- text articles were retrieved 
for further assessment of eligibility when (1) references appeared 
to be eligible based on title and abstract, (2) consensus could not 
be reached, or (3) there was no abstract available. Screening of 
full- text articles was performed by two reviewers. Discrepancies 
were discussed until consensus was reached. Finally, the refer-
ence lists of the included studies were checked for other poten-
tially relevant studies.

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

Quality assessment
For methodological quality assessment, nine criteria based on 
Hayden et al’s checklist50 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. A high- quality study was defined 
as a study with a positive score on at least 50% of the criteria in 
the checklist.

Qualitative analysis
Results from the studies are presented in online supplementary 
table 1, with ‘+’ indicating higher risk of mortality, ‘−’ indi-
cating lower risk of mortality or ‘0’ indicating no association.

Summary measures
Studies with an effect measure (ie, risk ratio, OR or HR) 
were included in the meta- regression and meta- analysis. From 
these studies, effect sizes were used to estimate (if not already 
presented) an HR (including 95% CI) 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 calcu-
lated to determine the influence of ‘retiring earlier’ compared 
with 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 (ie, education and/or income). 
To investigate whether and to what extent on- time retirement 
differed from retiring earlier, we also included retirement type in 
the meta- regression. In the meta- regression analysis, the pooled 
HRs were stratified by adjustment for these study characteris-
tics. We used linear regression models to identify 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 V.5.3, and presented in forest plots by type of 
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Figure 1 Flow diagram.

Figure 2 Risk of bias of included studies. The figure shows risk of bias 
(ie, + for low risk of bias, − for high risk of bias) for all criteria (ie, study 
objective, study population definition, study design, outcome, exposure, 
study confounding (demographics or prior health status) and data 
analysis).

retirement (ie, 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 6919 
records. After removing duplicates, 4099 unique records were 
screened by title and abstract. A total of 81 full- text publica-
tions were selected for further investigation. Finally, 22 studies 
met the inclusion criteria and 3 more studies were identified by 
reference list screening. Thus, a total of 25 studies were included 
in the current study.

Study characteristics
Online supplementary table 1 presents an overview of the charac-
teristics 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 2 to 31 years. Most 
studies were conducted in European countries (eg, Sweden, 
Denmark, the Netherlands, UK, Austria, Greece, Germany and 
Norway) and the USA. 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 asso-
ciation 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 mandatory retirement rule at 
work compared with 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.

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 
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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

Studies 
(n)

Associations 
(n)

effect Between- group difference

Mean beta
(Se) hR (95% CI)

univariate
beta (95% CI) P value

Total (early and on- time retirement vs continued work 
participation)

12 17 0.31 (0.13) 1.36 (1.06 to 1.76)

Retirement

  On- time retirement (vs working beyond retirement) 4 6 0.58 (0.29) 1.79 (1.01 to 3.15) Reference

  Early retirement (vs working until retirement) 7 9 0.16 (0.12) 1.17 (0.93 to 1.48) −0.42 (−0.90 to 0.06) 0.083

  Retiring earlier (vs continued working) 2 2 0.12 (0.01) 1.13 (1.11 to 1.15) −0.47 (−1.20 to 0.27) 0.212

Gender

  Female and male 5 5 0.17 (0.08) 1.19 (1.01 to 1.39) Reference

  Female 3 4 0.27 (0.21) 1.31 (0.87 to 1.98) 0.10 (−0.55 to 0.74) 0.769

  Male 7 8 0.41 (0.25) 1.51 (0.92 to 2.46) 0.25 (−0.31 to 0.79) 0.384

Adjusted for prior health status

  No 5 8 0.54 (0.23) 1.72 (1.09 to 2.69) Reference

  Yes 7 9 0.10 (0.08) 1.11 (0.94 to 1.29) −0.44 (−0.87 to −0.01) 0.044

Adjusted for demographics (ie, gender (if applicable), age 
and SEP)

  No 3 7 0.60 (0.25) 1.82 (1.12 to 2.97) Reference

  Yes 9 10 0.10 (0.09) 1.11 (0.93 to 1.32) −0.50 (−0.92 to 0.07) 0.023

SEP, socioeconomic position

(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, that is, did 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 with continued work participation and 
mortality, a total of 20 associations were reported. Eight asso-
ciations 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 (see online supplementary table 1).

In the meta- regression analysis, we found that the associa-
tion between retirement and mortality was statistically weaker 
when adjusting for prior health status or demographics (table 2). 
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 (ie, 
‘fully adjusted subgroup’) and studies not adjusted for prior 
health status and/or demographics (ie, ‘insufficiently adjusted 
subgroup’).

A total of seven studies with nine associations were used to esti-
mate 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 retire-
ment and mortality (HR 1.32, 95% CI 0.95 to 1.81). The pooled 
HR for five associations in the fully adjusted subgroup of studies 
was 1.05 (95% CI 0.87 to 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 studies showed no association.

All studies with six associations were used to estimate a pooled 
HR (see figure 4). Three studies with four associations were clas-
sified as an insufficiently adjusted subgroup. One study (Arrich 
et al57) was based only on patients with stroke. The insufficiently 
adjusted subgroup of studies showed that on- time retirement 
was associated with a higher risk of mortality compared with 
working beyond retirement (HR 1.56, 95% CI 1.41 to 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 HR for two associations 
adjusted for prior health status was 1.12 (95% CI 0.98 to 1.28).

other comparisons
Three studies investigated the influence of retiring earlier on 
mortality without specifying retirement type or comparison 
group (online supplementary table 1). 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 of studies 
(HR 1.12, 95% CI 1.09 to 1.16).

dISCuSSIon
In the current study, we showed that early retirement compared 
with working until retirement was not associated with mortality. 
We also showed that in the subgroup of studies that were insuffi-
ciently adjusted, on- time retirement was associated with a higher 
risk of mortality compared with working beyond retirement. 
However, in the subgroup of studies that adjusted for prior health, 
on- time retirement was not associated with mortality and the 
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Figure 3 Effect sizes for studies investigating the association between early retirement compared with working until retirement and mortality. IV, 
inverse variance.

Figure 4 Effect sizes for studies investigating the association between on- time retirement compared with working beyond retirement and mortality. 
IV, inverse variance.

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 on the asso-
ciation between retirement and mortality to avoid biased findings.

One major finding was that there was no statistically signif-
icant 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 have been 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 with higher socioeco-
nomic groups.66 For example, people working in manual occu-
pations could experience a different impact of (early) retirement 
on health than highly educated white- collar workers. We recom-
mend further research to consider differences between socioeco-
nomic 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 retire-
ment, and unhealthy persons are more likely to exit from the 
workforce.67–71 Unlike our result, a previous systematic review 
by Shim et al30 found mixed results on the association between 
on- time retirement and mortality, meaning that some included 
studies found no effect or a lower risk of mortality for those 
retiring on time. However, the authors included studies that used 
the general population as a reference group to examine this associ-
ation, and it is well known that the general population has higher 
mortality rates compared with the working population, especially 
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What is already known on this subject

 ► In recent years, there has been a growing interest in studying 
the impact of work and retirement on health.

 ► Several studies have assessed the impact of retirement age 
on mortality, but they have had mixed findings.

 ► A summary of available evidence on this topic and an 
analysis of whether and to what extent prior health status 
influences the association between retirement and mortality 
would help to clarify the situation.

What this study adds

 ► 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.

 ► 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.

compared with 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 choose the reference group. 
The increased risk of mortality among those who retire on- time 
compared with 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 anal-
ysis, 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 al35 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 retire-
ment ages for men and women, further studies are needed to eluci-
date the gender differences in the association between retirement 
and mortality.

A strength of the current study is that we summarised 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 mini-
mised this risk by screening the reference lists of the included 
studies to identify other relevant studies. Second, since risk esti-
mates differed among the included studies and not all data were 
available from all studies, we were unable to include all studies 
in the meta- regression 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 meta- regression 
analysis where we tested whether retirement type influenced the 
association between retirement and mortality, we analysed 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 al57) was based only on patients with 
stroke. However, this study contributed little weight to the pooled 
HR in the insufficiently adjusted 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 (eg, 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 retire-
ment 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.

ConCluSIonS
We did not find an association between early retirement, compared 
with continued work participation, and mortality. On- time retire-
ment, compared with 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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