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Abstract
This paper presents a meta-analysis on the effects of
retirement on health. We selected academic papers pub-
lished between 2000 and 2021 and studying the impact of
retirement on physical and mental health, self-assessed
general health, healthcare utilization andmortality. Our
search resulted in a dataset consisting of 308 observa-
tions from 85 articles. Using meta-regression analysis
and after checking for the presence of publication bias,
we found that the average effect of retirement on health
outcomes is very small and barely significant, under the
assumption of a common true effect. We applied model
averaging techniques to explore possible sources of het-
erogeneity of the true effect. Our findings suggest that
effect heterogeneity across results is explained by the dif-
ferences in both health measurements and retirement
schemes. In particular, mandatory or involuntary retire-
ment is associated with a negative impact of retirement
on health, although it is small in magnitude.
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1 INTRODUCTION

In recent years, interest in the effects of retirement on workers’ physical and mental health has
grown considerably, becoming a topic of interest not only in themedical or psychological field, but
also among labour and health economists. For the financial sustainability of the pension systems,
inmost of theOECDcountries the standard retirement age has indeed increased andwill continue
to increase in the future (OECD, 2019). Understanding the health consequences of retirement is
of utmost importance to provide policy-makers with a clearer picture for the design of pension
policies, labour market reforms, and healthcare investments that are welfare improving.
The identification of the causal health effects of retirement is the crux of this strand of research,

and it involvesmethodological issues that are not easy to handle. Kuhn (2018) provides a clear non-
technical summary of these methodological issues. First of all, estimation biases due to reverse
causalitymay arise, because causalitymay not only run from retirement to health but is also likely
to go from health to retirement decisions. Second, estimation biases may be due to measure-
ment errors when researchers adopt subjective health measures as outcome variables. Indeed,
the decision to retire early may influence the replies to the subjective answers of the intervie-
wees, because they may assess their own health differently after retirement. This may happen for
example because, when people retire, their reference group changes (Johnston & Lee, 2009). To
deliver credible estimates of the causal impact of retirement on health, more recent studies have
addressed endogeneity issues by means of different methodological strategies, especially using
instrumental variables methods or regression discontinuity design (RDD).
Different identification strategies of the causal health effects of retirement may explain differ-

ent estimates among studies. However, different findings are also explained by other reasons. For
example, some recent reviews of the literature suggest that the heterogeneity in the estimated
health effects of retirement depends also on the country or countries involved in the studies or
the time span considered by the authors or covered by pension reforms. Furthermore, also the
degree of freedom in choosing whether and when to retire matters: Bassanini and Caroli (2015),
when reviewing the literature on the effect of working on health, found that both being forced to
continue to work while one would like to retire and being forced to retire when one would prefer
to continue working have similar adverse effects on health. They also found that voluntary retire-
ment often has a positive effect onmental health. They concluded therefore that different findings
among studies may be related to the voluntariness of the retirement decision.1 Nishimura et al.
(2018) investigated the source of differences among different studies by focusing on the method-
ological aspect and considering eight recent papers in the economic literature. They concluded
that the key factors in explaining different results are the choice of the estimation method and
the countries surveyed. They also found that their results were not sensitive to the definition of
retirement. van der Heide et al. (2013) summarized 22 longitudinal studies on the health effects
of retirement, describing differences in terms of voluntary, involuntary, and regulatory retire-
ment and between blue-collar and white-collar workers. While they found strong evidence for
retirement having a positive effect on mental health, their review also revealed that contradictory
findings emerge when the studies use perceived general health and physical health as outcome
variables. Picchio and van Ours (2020) presented a selection of most recent studies focusing on
differences in set-up, identification strategy, dependent variables, and heterogeneity of the retire-
ment effects. Pilipiec et al. (2020) investigated the empirical evidence on the effects of increasing
the retirement age on the health, well-being, and labor force participation of olderworkers. Focus-
ing on 19 studies, they found that the evidence that an increase of the retirement age impacts on
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health and well-being is scant and inconclusive, because of the heterogeneity of the retirement
effect among different groups of workers, and between workers far from retirement and older
workers closer to the retirement age. Finally, Zulka et al. (2019) focused on the impact of retire-
ment on cognitive functioning byusing a sample of 20 studies. They suggested that different effects
may be due to different types of prior occupation.
Although detailed, the aforementioned literature reviews focus on single aspects of a multi-

faceted phenomenon (Kuhn, 2018) and their concluding summaries may be deceptive (Stanley
et al., 2013). According to Kuhn (2018), a meta-analysis, i.e. a research methodology used to
bring together in a systematic way and with a quantitative perspective all the findings from
previous studies on a given issue, has the potential to yield significant insights into the factors
that trigger various health effects of retirement. To the best of our knowledge, only van Mourik
(2020) has taken up this challenge and proposed a meta-analysis on the effects of retirement on
several measures of health by collecting 576 results from 61 manuscripts. However, this meta-
analysis did not comply with the guidelines of theMeta-Analysis of Economics ResearchNetwork
(MAER-Net) (Stanley et al., 2013; Havránek et al., 2020). The analysis, in fact, was built on a tri-
nomial outcome instead of effect sizes, revealing that 15% of the studies reported negative health
effects of retirement, 35% positive health effects, and 50% statistically insignificant results. Fur-
thermore, it includes not only articles published in scientific journals, but also working papers
and Ph.D. dissertations. Also Sewdas et al. (2020) have provided a meta-analysis, but with a focus
limited to the link betweenmortality and early and on-time retirement. Using a sample of 25 stud-
ies, they estimated a random-effects meta-regression to identify the effects of retirement and to
assess the influence of gender, prior health, and demographics. They concluded that early retire-
ment, compared to continued working, is not associated with a higher risk of mortality. However,
on-time retirement, compared to continued working, is associated with a higher mortality risk,
whichmay reflect the healthyworker effect, that is, people in the group of thosewhowork beyond
the standard retirement age are on average healthier than those who retire on-time. Finally, both
Pabón-Carrasco et al. (2020) and Li et al. (2021) only focus on depressive symptoms:2 according to
the former, the retirees with the highest prevalence of depression are those who retire in amanda-
tory fashion or due to illness; the latter show that the association of involuntary retirement with
more depressive symptoms is stronger than voluntary or regulatory retirement, and it is more
pronounced in Eastern developed countries.
A rigorous and extensive meta-analysis on the subject is lacking. The main contribution of

our article is to fill this gap by means of a meta-analysis on the evidence of the health effects of
retirement which (i) follows theMAER-Net guidelines (Stanley et al., 2013; Havránek et al., 2020);
(ii) is based only on articles published in peer-reviewed journals, to reduce the probability that
they contain mistakes (Xue et al., 2021), and in English, for the sake of accessibility (Vooren et al.,
2019); (iii) does not focus on a particular measure of health but instead considers the ones most
frequently used in the literature, such as self-reported general health, physical andmental health,
healthcare utilization, and mortality; and (iv) focuses on studies published from 2000 onward in
order to consider a more homogeneous labour market and pension policy background. Indeed, in
most European countries the intensity of pension reforms has been particularly strong since the
2000s, with changes in eligibility criteria like the retirement age, the required contributory period,
and the pension calculation scheme.3 These changes have been implemented gradually and over
long time periods. Thus, the increasing attention of policy-makers toward pension system reforms
due to financial sustainability reasons and increasing workers’ life expectancy after themid-1990s
has generated a large research interest among labour and health economists since the 2000s.
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FILOMENA and PICCHIO 1123

Our meta-analysis was carried out on 85 articles. It included the estimation of meta-regression
modelswhich enabled us to investigate the issue of publication bias and to look for patterns among
different study characteristics after correcting the findings for it. We took into account all the
main factors that might lead to different estimates of the effect sizes among studies, such as the
institutional context, the research design, the causal effect identification strategy, and other study-
related characteristics.
The rest of the paper is organized as follows. Section 2 focuses on themeta-analytical approach,

describing the databases used, the research methods, and presenting preliminary and descriptive
results of our meta-analysis. Section 3 assesses whether there is publication bias in this empirical
literature. Section 4 provides heterogeneity analysis by using meta-regressions with the inclusion
of covariates on the basis of Bayesian criteria for model selection. Section 5 concludes.

2 META-DATASET

2.1 Search strategy and study selection criteria

The empirical literature does not report clear-cut results on the health effect of retirement. Several
reasons may explain different findings: different methodologies of analysis, different identifica-
tion strategies of the causal effect, different countries, different time spans considered by the
studies or covered by pension reforms. Hence, a simple comparison among the different stud-
ies and of their results may be misleading (Stanley et al., 2013). A rigorous meta-analysis enabled
us to systematically review the literature by combining the results ofmultiple and different studies
so as to identify patterns among diverse study results while taking into account the uncertainty
behind each point estimate of the relation of interest and remove bias induced by publication
biases. Publication bias (also named ‘file drawer problem’) is the bias arising from the tendency of
editors to prefer to publish findings consistent with the conventional view or with statistically sig-
nificant results, while studies that find small or no significant effects tend to remain unpublished
(Card & Krueger, 1995).
Our search for studies followed theMAER-Net guidelines (Havránek et al., 2020). These guide-

lines are an attempt to create a shared subjectivity in conducting meta-analyses in economics and
thereby improve the transparency, replicability and quality of the reported results. We searched
studies from November 2020 to March 2021 in Ideas/EconPapers, Google Scholar, Scopus and
Web of Science by using the following keywords: ‘retirement’, ‘health’ and one among ‘mental
health’, ‘physical health’, ‘psychological well-being’, ‘healthcare’ and ‘mortality’. We only consid-
ered articles published in peer-reviewed journals of health economics, labour economics, social
sciences, psychology, and medicine and with the SCImago Journal Rank (SJR) indicator.4 We
excluded theoretical works and studies concerning only cross-partner retirement effects of retir-
ing (Atalay & Zhu, 2018; Bloemen et al., 2019), or general life satisfaction as dependent variable
(Abolhassani & Alessie, 2013; Bender, 2012; Horner, 2014; Kesavayuth et al., 2016), or only health
behavior analysis (Evenson et al., 2002; Henkens et al., 2008; Zhao et al., 2017;Motegi et al., 2020).5
Hence, we selected only micro-level studies on the health effects of retirement. We excluded 11
papers because they had not been published in peer-reviewed journals, that is, discussion papers
(see e.g. Waldron, 2001; Bound & Waidmann, 2007; Coe & Lindeboom, 2008; Lalive & Staubli,
2015; Zulkarnain & Rutledge, 2018) and two book chapters (Charles, 2004; Börsch-Supan &
Schuth, 2014). At this point we had 96 articles. Finally, we had to remove 11 articles because
they do not contain sufficient information with which to compute the 𝑡-statistic of the estimated
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1124 FILOMENA and PICCHIO

F IGURE 1 PRISMA flow diagram

retirement effect, onwhichwewould build ourmeta-regressions.6 Our finalmeta-analytic sample
consisted of 85 articles, which are listed in Table A.1 in the appendix. Many studies dealt with the
retirement effect onmultiple health outcomes, and some others disaggregated the analysis by gen-
der or by the type of previous occupation. In these cases, multiple data points were delivered and
our final dataset consisted of 308 observations. Figure 1 is a PRISMA flow diagram (Moher et al.,
2009): it graphically reports the rules we followed to include/exclude articles in our final sample.
Frommost of the articles,we directly extracted the estimated retirement effects (𝛽𝑖) alongwhich

their standard errors (𝑆𝐸𝑖(𝛽𝑖)) and computed the 𝑡-statistics as their ratio. In other cases, we could
directly retrieve the 𝑡-statistics because they were reported among the study results. Finally, in
some studies only the estimated effects and their 95% confidence intervals were displayed. In
these cases, we approximated the standard errors in linear models (and then we computed the
𝑡-statistics) as follows: 𝑆𝐸𝑖 = (𝑢𝑏 − 𝑙𝑏)∕(2 × 1.96), where 𝑢𝑏 and 𝑙𝑏 are the upper bound and the
lower bound of the confidence interval, respectively. For studies with non-linear models, such as
multinomial logit or Cox proportional hazard models, and reporting only the odds ratio (OR) and
its 95% confidence interval, we calculated the standard error as 𝑆𝐸𝑖 = [ln(𝑢𝑏) − ln(𝑙𝑏)]∕(2 × 1.96)

and then the 𝑡-statistic as 𝑡𝑖 = [𝑙𝑛(𝛽1𝑖)𝛽1𝑖]∕𝑆𝐸𝑖 .
The health outcomeswere quite different among, and sometimeswithin, studies. In some cases,

when the sign of the coefficient of retirement was positive, this meant that there was a health
improvement, like for general physical health indexes or self-assessed health. In some other cases,
it was the negative sign that implied a health improvement, such as whenmortality or depression
were the health outcomes. We altered the sign of the 𝑡-statistics so that a ‘positive’ (‘negative’)
sign means a health improvement (deterioration), and all the rest of our analysis is based on this
modification of the 𝑡-statistics.
Graph (a) of Figure 2 shows the distribution of 𝑡-statistics, which is quite dispersed, with a

minimum of -15.66, a maximum of 14.70, and a standard deviation of 3.13. Most of the findings
(60.4%, 186 outcomes) are not significantly different from 0, having a 𝑡-statistic smaller than 1.96
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FILOMENA and PICCHIO 1125

F IGURE 2 Distribution of 𝑡-statistics and observations of study outcomes
Notes: The number of study results is 308. The dashed vertical lines are the sample average of 𝑡-statistics in the
upper graph (0.508) and of the square root of observations in the lower graph (188.23). The solid vertical lines in
the upper graph denote the critical values for the 5% significance level in two-tailed tests (±1.96).
[Colour figure can be viewed at wileyonlinelibrary.com]

in absolute value; in 27.9% (11.7%) of the cases, 86 (36) results, the retirement effect on health is
instead significantly positive (negative). Graph (b) of Figure 2 plots the distribution of the square
root of the observations used to estimate the retirement effects. The number of observations is
also very heterogeneous, with a minimum of 49 and a maximum of 1,866,974. Since in what fol-
lows the 𝑡-statistics and the number of observations would then be used to build a comparable
measure of the estimated effect across different studies, the presence of extreme values in these
two key variables raised concerns about outliers, especially because the linear models typically
used in meta-regressions may be particularly sensitive to them (Viechtbauer & Cheung, 2010).
As suggested by Xue et al. (2021), who had a similar problem when conducting a meta-analysis
on the education effect on health, we moderated the problem by winsorization of 𝑡-statistics and
number of observations at the top and bottom of their distribution: we replaced values that were
lower (larger) than the 5th (95th) percentile with the value of the 5th (95th) percentile.7

2.2 Descriptive statistics

We provide some basic descriptive statistics of our meta-analytic sample by research findings.
Table 1 reports summary statistics by research outcomes8 of those covariates that we used in the
meta-regressions to capture the factors underlying the heterogeneous effects in the empirical lit-
erature: journal subject area, the number of citations on average per year (retrieved from Google
Scholar on 05/04/2021), the journal SJR indicator at the time of publication, publication year,
identification strategy, gender, institutional context, geographical area, type of previous occupa-
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1128 FILOMENA and PICCHIO

tion, birth cohort, and the way in which the 𝑡-statistic was calculated.We considered three subject
areas according to the Scimago classification: (i) Economics, Econometrics and Finance or Busi-
ness, Accounting andManagement (28.6%of our observations); (ii)Medicine or Psychology (43.2%
of the observations); (iii) a residual category containing journals belonging to multiple subject
areas (28.2% of the observations).9
The average number of yearly citations was the smallest (9.3) when the null hypothesis of no

effect could not be rejected. It was instead the highest (20.1) when significant negative effects
emerged and almost twice as large as the average number of yearly citations of findings support-
ing significant positive effects (11.5). Differences in the scientific influence of the journals where
the articles had been published were smaller. In both cases, articles finding negative outcomes
displayed a larger standard deviation. It is noteworthy that statistically insignificant results were
not under-represented in journals of high scientific influence compared to those with more clear-
cut findings; rather, they corresponded to almost 60% of our sample. This might suggest that, at a
first and very descriptive level, publication bias is not an issue in this research strand.
Since health is a multidimensional concept, we referred to the main measures analysed in

the empirical literature. Among the particular health measures evaluated, positive effect had the
largest absolute frequency when we focused on general or self-assessed health. In all the other
cases, no statistically significant effect was the prevailing outcome. These various health mea-
sureswere physical health (23.1%),mental health (34.1%),10 healthcare utilization, which included
doctor visits and hospitalization (14.3%), and mortality (13.6%).
Identifying the causal effect of retirement on health is not straightforward because there are

several sources of potential endogeneity of the retirement decision, such as reverse causality, neg-
ative self-selection, unobserved heterogeneity,11 and measurement error.12 These could affect not
only the magnitude but also the sign of the estimated effect. Hence, we used a set of indicators to
control for themethodology employed to identify and estimate the impact of retirement on health.
The instrumental variables (IV) method was the one used most frequently (49.4%), followed by
regression discontinuity design (RDD) (19.2%). The difference-in-differences (DiD) estimator was
mostly used to evaluate policy reforms and represented 7.5% of our observations. In 12.3% of the
study results, no particular methods was used to tackle the endogeneity of the retirement decision
(e.g., linear model, multinomial logit or Cox proportional hazard models).
Some indicator variables were used to capture the institutional context and, in particular, the

retirement scheme. The survey of the empirical literature provided by Bassanini and Caroli (2015)
highlights the role played by choice vs. constraint in shaping the health impact of work and retire-
ment. They focus on that strand of the literaturewhich studies the voluntariness of retirement and
fromwhich evidence of adverse health effects arises when individuals are forced to stop working.
In our analysis, we considered both the voluntariness of the retirement decisions and its timing:
we distinguished among early (15.9%), postponed (9.1%), mandatory or involuntary (10.4%), and
statutory retirement, that is, retiring at the standard retirement age (64.6%).
A further control variable is the gender associated with the estimated effect. The retirement

effects may be different for men and women, for example because the career trajectory and the
involvement in the labour market are typically different by gender. We also controlled for the
geographical areas. In particular, we considered results for Europe (46.4%), for extra-European
countries (40.3%), and from multi-country analyses (13.3%).
The health effects of retirement could be associated with the birth cohort because working

conditions and the attention to occupational health changed during the 20th century, impacting
on the physical and mental stress at work (Cullen, 1999; Harrison & Dawson, 2016) We coded
the birth cohort using two dummy indicators: a dummy equal to one if the result came from
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FILOMENA and PICCHIO 1129

individuals who had all been born before 1950 (31.2%); a dummy equal to one for results not
specifying the birth cohort or covering both the period before and after 1950 (68.8%).
For similar reasons, the health effects of retirement may depend on the kind of occupation.

Although very few studies provide separate estimates related to the type of previous occupation,
we distinguished between blue-collar (7.8%) and white-collar workers (5.2%), and we grouped in
a residual category all the other results which did not distinguish between the types of occupation
(87%).
Finally, we also controlled for the method used to calculate the 𝑡-statistics. 87% of our observa-

tions were based on 𝑡-statistics derived from the ratio between 𝛽𝑖 and the corresponding standard
error. The remaining 13% were derived from 95% confidence intervals or starting from odds ratios
(OR).

2.3 Comparable effect sizes

The estimated retirement effects on health 𝛽𝑖 are not easily comparable across themodels used by
the studies surveyed and the estimation techniques generating them. In this regard, we observed
a large heterogeneity in the health measures used as outcome variables. For example, those most
frequently used were self-reported general health, physical health indexes, like the body mass
index (BMI) or the activities of daily living (ADL), mental health measures, like depression or
the 5-item mental health inventory (MHI-5), healthcare utilization, and mortality. The units of
measurement used by the studies were therefore not comparable. Moreover, even when a similar
health outcomewas used across studies, differentmodel specifications and/or different estimation
methods could alter their comparability. For example, althoughmost of the estimatedmodelswere
linear, in some cases nonlinearmodels, likemultinomial logit or Cox proportional hazardmodels,
were estimated.
To make the effect estimates comparable, we computed the partial correlation coefficient 𝑟𝑖 ,

which has been commonly used inmeta-analyses in economics, business and social sciences since
Doucouliagos (1995). The partial correlation coefficient is a measure of the association between
two variables, keeping other covariates constant. It is independent of the metrics with which the
dependent and the independent variables are measured (Ugur, 2014). Very recent examples are
Churchill and Mishra (2018) and Xue et al. (2021), who used the partial correlation coefficient in
reviewing returns to education on the labourmarket and on health, respectively. Xue et al. (2020),
in theirmeta-analysis on the health effects of social capital, used the partial correlation coefficient
as a way to combine estimated effects that were not comparable because of different measures of
health used and different types of econometric models estimated, as in our framework.13
The partial correlation coefficient is computed as

𝑟𝑖 =
𝑡𝑖√

𝑡2
𝑖
+ 𝑑𝑘𝑖

, (1)

where 𝑑𝑘𝑖 is the degrees of freedom in the model from which the 𝑖-th 𝑡-statistic is derived. Keef
and Roberts (2004) show that the estimate of 𝑟𝑖 contains a small positive bias, since it increases
as the number of independent variables in the regression model increases, that is, as the degrees
of freedom decrease. However, asymptotically this bias disappears. Moreover, in our meta-dataset
many studies did not provide precise information about the number of covariates. Consequently,
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1130 FILOMENA and PICCHIO

TABLE 2 Summary statistics of partial correlations, 𝑡-statistics, and number of observations by type of
health outcome

Relative Average Average
Outcome variables used Number of Number of frequency of partial Average sample
as health measures studies results results (%) correlation (𝒓) 𝒕-statistic(𝐚) size(𝐚)

Mental health 47 105 34.1 0.0095 0.8611 12,568
Physical health 30 71 23.1 0.0069 0.0334 47,394
General and self-reported
health

32 46 14.9 0.0091 1.0967 17,178

Healthcare utilization 15 44 14.3 −0.0048 0.6342 289,704
Mortality 19 42 13.7 0.0004 −0.5500 290,393
Total 85(b) 308 100.0 0.0055 0.4807 98,761

(a) These averages are computed before the winsorization.
(b) This amount is not the sum of the absolute frequencies reported in this column, because the same study could have
focused on multiple health dimensions and therefore could count in multiple lines of the same column.

we could not recover the degrees of freedom. When this was the case, we approximated 𝑑𝑘𝑖 with
the number of observations (minus 2).14 Because the smallest number of observations, after the
aforementioned winsorization, was 523, this approximation generated a very mild upward bias
which asymptotically disappeared. The standard error of the partial correlation coefficient is given
by

𝑆𝐸(𝑟𝑖) =

√
1 − 𝑟2

𝑖

𝑑𝑘𝑖
. (2)

It can be shown that 𝑟𝑖∕𝑆𝐸(𝑟𝑖) = 𝑡𝑖 .
The partial correlation coefficient 𝑟 is a unitless measure, which takes a value between −1 and

1. It enables direct comparisons among the different ways to approach and measure health out-
comes in the empirical literature and in the diverse literatures (Doucouliagos & Laroche, 2009).
The partial correlation coefficient drops as the degrees of freedomor the sample size increase. This
implies that nearly similar 𝑡-statistics will produce very different partial correlations if the sam-
ple sizes are diverse: the larger the sample size, the more the effect size measured by the partial
correlation is scaled down.
Table 2 displays summary statistics of partial correlations, 𝑡-statistics, and number of observa-

tions of the full sample and of the results by the type of healthmeasure. As in Xue et al. (2020) and
Xue et al. (2021),we included in ourmeta-analysis different types of healthmeasures, ranging from
physical health, mental health, self-reported general health and healthcare service utilization.
Onemay wonder whether wemixed together outcomes whichmeasured too diverse phenomena.
On the one hand, one of the aims of Section 4 is to understand if suchheterogeneity is related to the
findings, and this source of diversity was explicitly taken into account in themeta-regression anal-
ysis. On the other hand, we will do it partially, because in the specification of the meta-regression
models we imposed that the impact of all the other covariates was not a function of the particular
measure of health. Dividing the sample into as many subsamples as the five different measures of
health would result in small sample size problems for some of them.
The graph in Figure 3, known as funnel plot (Light & Pillemer, 1984), shows the scatter plot

of the partial correlation coefficient and its precision, measured by the inverse of its standard
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FILOMENA and PICCHIO 1131

F IGURE 3 Funnel plot of precision
(1∕𝑆𝐸(𝑟)) versus effect size (𝑟)
Notes: The number of observations is
308. The vertical line is the average of the
partial correlation coefficients 𝑟 (0.0055).
[Colour figure can be viewed at
wileyonlinelibrary.com]

error as defined in Equation (2). In the absence of publication bias, the partial correlation coef-
ficient should vary randomly around its average, which is an estimate of the true effect. Hence,
the symmetry of the funnel around the average effect is of help in graphically visualizing a pos-
sible publication bias (Stanley, 2005). The funnel plot shows a mild asymmetry, given the longer
tail to the right of the average partial correlation coefficient. It is not easy to reach a conclusion
about publication bias by means of this graphical approach. Indeed, it relies on the assumption
that there is a single ‘true’ effect common to all empirical studies. Hence, if there is heterogene-
ity among articles due to different datasets, time spans, countries or methodologies, it may cause
the funnel’s skewness. In this case, the funnel plot seems to suggest that there is not an evident
publication bias. However, in the next section, on the basis of Meta-Regression Analysis (MRA),
we will formally test for the presence of publication bias.

3 TESTING FOR PUBLICATION BIAS

To formally assess the relevance of publication bias and to eventually remove it from the estimate
of the genuine retirement effect on health, we used the “Funnel Asymmetry Test – Precision Effect
Test” (FAT-PET) (Egger et al., 1997; Stanley, 2005, 2008), which is a standard model to assess the
presence of publication bias. Used since the end of the 1990s in the economic literature (Card &
Krueger, 1995; Ashenfelter et al., 1999; Görg & Strobl, 2001), it is based on a simple regression of
the 𝑖-th effect size on a constant and its standard error:

𝑟𝑖 = 𝛾1 + 𝛾0𝑆𝐸(𝑟𝑖) + 𝜀𝑖, (3)

where 𝜀𝑖 is the idiosyncratic error terms and 𝛾0 will be equal to zero when the effect size 𝑟𝑖 varies
randomly around the precision effect 𝛾1, meaning no publication bias. Publication bias is propor-
tional to the inverse of the square root of the sample size, which in turn is proportional to the
standard error (Begg & Berlin, 1988). The Funnel Asymmetry Test (FAT) tests the hypothesis of
no publication bias (Egger et al., 1997), that is, 𝐻0 ∶ 𝛾0 = 0, and is therefore also a test of funnel
asymmetry (Sutton et al., 2000). If the null hypothesis is rejected, a publication bias is affecting
this strand of the literature, potentially posing a serious problem for interpretation of the sci-
entific research (Begg & Berlin, 1988). The Precision Effect Test (PET) tests the null hypothesis
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1132 FILOMENA and PICCHIO

TABLE 3 FAT-PET and PEESE tests and corrections for publication bias

FAT-PET PEESE(c)

(1) (2) (3) (4) (5)
OLS WLS-FE WLS-FE(a) FAIVE(b) WLS-FE

Publication bias 0.487 (0.384) 0.409* (0.227) 0.414* (0.233) 0.282 (0.269) 10.145 (7.768)
Precision effect −0.002 (0.004) 0.001 (0.001) 0.001 (0.001) 0.001 (0.001) 0.001** (0.001)
𝑅2 0.034 0.023 0.023 0.028 0.009

Standard errors robust heteroskedasticity and within-study correlation are in parentheses. The number of observations (studies)
is 308 (85).
(a) The inverse of the square root of the sample size is used instead of 𝑆𝐸(𝑟𝑖) as a precision measure.
(b) The 𝐹-statistic for the power of the excluded instrument is 32.97.
(c) PEESE gives a less biased correction for publication bias (Stanley & Doucouliagos, 2012, 2014).

𝐻0 ∶ 𝛾1 = 0. The rejection of the null hypothesis can be interpreted as the presence of an authen-
tic empirical effect, corrected for publication selection: when the sample size goes to infinity and
the standard error goes to 0, the observed effects goes to 𝛾1 (Stanley, 2008).
Table 3 displays the results of different estimation and specifications of Equation (3). Model

(1) reports the ordinary least squares (OLS) estimates of Equation (3), without taking advantage
of the known form of heteroskedasticity affecting the distribution of 𝑟𝑖 , as seen in Equation (2).
This knowledge is instead exploited in Model (2), which displays the results when Equation (3)
is estimated by Weighted Least Squares (WLS-FE) using 1∕𝑆𝐸(𝑟𝑖)2 as weights. Models (3) and
(4) are robustness checks. In Model (3) we replicate our simple FAT-PET estimates by replacing
𝑆𝐸(𝑟𝑖) with the inverse of the square root of the sample size as an alternative precision measure.
Because the sample size is not subject to estimation error, it avoids an errors-in-variables bias that
could instead affect 𝑆𝐸(𝑟𝑖). If 𝑆𝐸(𝑟𝑖) is endogenous in Models (1) and (2) because it is affected by
measurement error, we may solve the problem by using an IV approach, instrumenting 𝑆𝐸(𝑟𝑖)
with the square root of the number of observations, which is strongly correlated to the standard
error but should not be able to explain the estimated effect once we control for the standard error.
This is called the Funnel Asymmetry Instrumental Variable Estimator (FAIVE) by Stanley (2005).
Finally, in Model (5) we report the results if in Equation (3) we replace 𝑆𝐸(𝑟𝑖) with its square to
capture eventual non-linearities: this is the PrecisionEffect Estimatewith StandardError (PEESE)
model, which is a meta-regression method to be preferred in correcting for publication bias when
there is a genuine nonzero effect (Stanley & Doucouliagos, 2012, 2014).
From the five models reported in Table 3, we find weak evidence of publication bias only in the

FAT-PET model estimated by WLS-FE. Furthermore, the FAT-PET point estimates of 𝛾0, ranging
from 0.282 to 0.487, suggest that, if it exists, the publication bias is positive and small.
The precision coefficient is equal to 0.001 and significant only in the PEESEmodel. Hence, the

mean effect of retirement on health is positive. However, it is extremely low, considering that,
according to Cohen (1988), a partial correlation coefficient of 0.1 is to be considered as ‘small’, and
in the analysis of Doucouliagos (2011), who focused on economic results, it should be at least 0.07
to be considered as ‘small’.15
The recognition of publication bias as a threat to the reliability of the scientific knowledge has

taken place at different times in different disciplines. For example, psychological and medical
research has acknowledged it since the end of the 1950s (Sterling, 1959; Rosenthal, 1979; Begg &
Berlin, 1988). The economic research has taken instead some more years, until the 1990s (see e.g.
Card & Krueger, 1995; Ashenfelter et al., 1999). Therefore, one might wonder whether researchers
and journal editors have different sensitivities to the problem across different disciplines,

 14676419, 2023, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/joes.12527 by C

ochraneItalia, W
iley O

nline L
ibrary on [20/08/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



FILOMENA and PICCHIO 1133

resulting in publication bias being limited only to some disciplines. To check whether
this might be the case, we distinguished the study results into three broad subject areas:
medicine/psychology, economics/business, and a residual category. Then, we generalized Equa-
tion (3) by having one constant per each subject area and the standard error interacted with the
subject area indicator. We found that publication bias does not arise in any of the separate subject
areas. We report the tests for publication bias by subject area in the online appendix.
In recent years, further techniques have been developed to detect publication bias. In the

online appendix, we present the findings of the Endogenous Kink (EK) meta-regression model
(Bom & Rachinger, 2019). This attempts to better fit the non-linearity of the relationship between
the estimated effect and its standard error in the presence of publication bias using a piecewise
linear model instead of a quadratic term. We also followed the suggestion by Andrews and Kasy
(2019) to focus on the distribution of 𝑝-values or 𝑡-statistics across published studies. Indeed, if
there is no publication bias, the distribution of the 𝑡-statistics and 𝑝-values should not display
discontinuities, especially at critical values, like ±1.96 for the former and 0.05 for the latter. From
these further tests, which are displayed in the online appendix, we did not detect evidence of
publication bias.
To sum up, after a battery of tests, we concluded that publication bias is not importantly affect-

ing this strand of the literature, and that themean effect of retirement on health is positive but very
close to zero. The next meta-regressions reported were aimed at understanding possible hetero-
geneity among studies in the retirement effect on health. We kept the PEESE specification as the
benchmark model, so as to correct for publication bias when multiple covariates were included
in the model specification.

4 MULTIPLEMETA-REGRESSIONS

To detect possible sources of heterogeneous effects of retirement on health, we included in the
PEESE specification a series of covariates: measures of health,methods to identify the effect, insti-
tutional contexts, geographical areas, gender, year of publication, SJR index, the average number
of Google scholar citations per year, type of previous occupation, birth cohorts, and the way in
which we derived the 𝑡-statistics. We employed the PEESE specification because its quadratic
form of the standard errors has been proven to be less biased and often more efficient than the
FAT-PET specification when there is a nonzero genuine effect (Stanley & Doucouliagos, 2014).16
Formally, we estimated by WLS-FE the following equation for our effect size

𝑟𝑖 = 𝛾1 + 𝛾0𝑆𝐸(𝑟𝑖)
2 + 𝜷1𝐱𝑖 + 𝜀𝑖, (4)

which is equivalent to estimating by OLS the transformed model

𝑟𝑖
𝑆𝐸(𝑟𝑖)

= 𝛾1
1

𝑆𝐸(𝑟𝑖)
+ 𝛾0𝑆𝐸(𝑟𝑖) + 𝜷1

𝐱𝑖
𝑆𝐸(𝑟𝑖)

+
𝜀𝑖

𝑆𝐸(𝑟𝑖)
, (5)

where 𝐱𝑖 is the vector of result characteristics.
A problem in estimating Equation (5) is related to the model uncertainty about which vari-

ables should be included. We overcame it by employing one of the most commonly used tools in
meta-analysis, Bayesian Model Averaging (BMA). BMA takes into account all possible models by
runningmany regressions with different subsets of control variables and computing the weighted
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averages of the estimated coefficients. The weights are Posterior Model Probabilities (PMP) and
are related to the goodness of fit of each model. The sum of PMPs indicates the Posterior Inclu-
sion Probability (PIP) for each regressor, which provides the information on the likelihood of
the regressor belonging to the true specification. A PIP above 0.5 for a given regressor is usually
used as a rule of thumb to include it in the final model (Eicher et al., 2011). For each covariate,
BMA returns the posterior coefficient distribution, which yields the posterior mean (PM) of the
regression coefficient and the posterior standard deviation (PSD).
We used the BMA estimator discussed by Magnus et al. (2010), who introduced the distinction

between two subsets of explanatory variables. The first subset is the set of ‘focus’ regressors, which
are those wanted in the model for theoretical (or other) reasons. In our case, the focus variables
were those capturing the publication bias and the precision effect. The second subset is the set of
“auxiliary” regressors, which are additional covariates that may be relevant to explaining the esti-
mated effect, but this is not certain. Since we had 25 auxiliary covariates, the number of possible
models to be considered was 225. BMA proceeds by applying conventional non-informative priors
on the focus variables and the error variance 𝜎2, and an informative multivariate Gaussian prior
on the auxiliary variables.
In a subsequent step, we performed a model-average procedure by using theWeighted Average

Least Squares (WALS) (Magnus et al., 2010). WALS occupies an intermediate position between
the Bayesian approach of BMA and the frequentist model-averaging procedure. In fact, it is a
Bayesian combination of frequentist estimators (Magnus & De Luca, 2016). WALS uses conven-
tional non-informative priors on the focus regressors and the error variance 𝜎2 and a distribution
with zeromean for the independent and identically distributed elements of the 𝑡-ratios associated
with linear combinations of the auxiliary regressors.17 Unlike BMA, WALS relies on preliminary
orthogonal transformations of the auxiliary regressors and their parameters, which reduce the
computational burden from 225 to 25. For this reason, WALS does not allow computation of the
PIPs. An auxiliary covariate is considered to be robustly correlated with the outcome variable if
the 𝑡-ratio of its coefficient is greater than 1 in absolute value or, equivalently, if the corresponding
one-standard error band does not include zero (De Luca&Magnus, 2011). The advantage ofWALS
over BMA is that it does not impose an ad hoc assumption on the prior on themodel space (in gen-
eral BMA uses a uniform prior assigning equal probability to each model), but it is theoretically
based (Magnus & De Luca, 2016).
Finally, like Havranek et al. (2015) and Xue et al. (2021), we conducted a frequentist check

by estimating Equation (5) by OLS after restricting the set of regressors to those with PIP > 0.5

according to BMA. We ran the same frequentist check after the WALS estimates.
Table 4 reports the estimation results. For the BMA, we show the estimated posterior means,

the posterior standard deviations, and the posterior inclusion probabilities of each regressor. For
the WALS, we include the results deriving from two different assumptions about the model prior
distributions. In the last columns of Table 4, we present the findings of the frequentist checks.
As regards the focus regressors, whilst for these variables the Posterior Inclusion Probabili-

ties from BMA model are not informative, OLS estimates reveal no publication bias, even after
controlling for a set of covariates. According to BMA results, there are six auxiliary covariates
which are significant in explaining the heterogeneous effects of retirement on health (PIP > 0.5):
two measures of health outcomes, fixed-effects/first-difference estimator, mandatory or involun-
tary retirement, year of publication and the dummy for the birth cohort. WALS results are quite
similar, although some further covariates seem to be important: physical health and healthcare
utilization, postponed retirement, the SJR indicator, estimates not distinguishing between males
and females, RD design, and PSM estimator.
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All the models reveal that the studies which used general and self-reported health indicators
or mental health measures were the ones most likely to report positive effects of retirement on
health. The analyses focusing on physical health or healthcare utilization weremore likely to find
positive effects than those dealing with mortality, although the difference in terms of correlation
points was negligible. These findings reflect the results of some earlier systematic surveys in this
field: as pointed out by Bassanini and Caroli (2015) or suggested by Nishimura et al. (2018) after
re-estimating previous analyses, most of the evidence concerning the health effects of retirement
shifts towards a positive impact on physical and mental dimensions of health, better self-assessed
health, and lower healthcare utilization.
The results for the identification strategy suggest that the heterogeneity across this dimension

is not particularly important in explaining different findings.We find that only those studies using
a fixed-effects or a first-differences approach are more likely to report negative effects on health.
This finding contrasts with the one reported by Nishimura et al. (2018), who instead showed that
the choice of the estimation strategy is one of the key factors in explaining why the estimated
results of the retirement effect on health differ.
An important factor in explaining heterogeneous estimated effects of retirement on health is

the institutional context and the retirement scheme: mandatory or involuntary retirement has a
PIP close to 1 and the greatest negative effect in magnitude. In the WALS results and, although
with a lower magnitude, studies focusing on postponed retirement are also associated with a
lower chance of detecting positive retirement effects than are studies dealing with early or statu-
tory retirement. These findings confirm the conclusions of Bassanini and Caroli (2015), who
showed that being forced to work while preferring to retire and, symmetrically, being forced to
stop working because employees have no control on the retirement and work decisions have a
health damaging effect. Similar results are reported by Pabón-Carrasco et al. (2020) and Li et al.
(2021), but only on the effects on depressive symptoms. Moreover, the negative impact of post-
poned retirement on health, compared to statutory retirement, may reflect the consequences of
being stuck in employment while one had planned to retire, for example due to pension reforms
which raise the retirement age or the length of the contribution period required for entitlement
to a pension (see e.g. Blake & Garrouste, 2019; Shai, 2018).
Regarding the publication year, we find that the estimated effects of retirement on health tend

to be more and more positive over time: the year of publication presents a PIP = 0.55 and a pos-
itive and significant coefficient. As regards study-quality measures, WALS estimates reveal that
the SJR indicator is negatively correlated to the partial correlation coefficient, meaning that the
more positive the detected relation between retirement and health, the lower the SJR index of the
journal where the result was published. Finally, the health effects of retirement are independent
of geographical area, gender, and the previous type of occupation. Concerning this last, it should
be taken into account that the number of study results distinguishing between blue- and white-
collar workers is fairly low. Hence, our meta-analysis is not endowed with the statistical power to
shed light on this particular source of heterogeneity.
Finally, the coefficient of the dummy for study results coming from individuals who were born

before 1950 is significant and negative. This means that when studies includemore recent cohorts
in their samples, the retirement effect on health is more likely to be positive. Nevertheless, the
difference is very small.
The results presented in Table 4 suggest sources of heterogeneity in the study results. How-

ever, it is not easy to visualise from it if for particular combinations of study features the
expected retirement effect is significantly positive or significantly negative. To be more informa-
tive from this point of view, we used the OLS estimates from the frequentist check after BMA and
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1138 FILOMENA and PICCHIO

computed the expected partial correlation coefficients for all the combinations of the covariates,
after fixing the publication year to the median and setting 𝜸𝟎 to zero, so as to mimic the absence
of publication bias.
Table 5 displays the expected partial correlation coefficients for all the combinations of the

explanatory variables. We find that, for the most frequent combination involving mental health
as outcome variable (third line of Table 5), retirement has a positive and highly significant impact,
with a partial correlation coefficient equal to 0.010. The covariate profile with the largest positive
predicted partial correlation coefficient (0.013) has general and self-reported health as outcome
variable. According to the classifications in Cohen (1988) or Doucouliagos (2011), which set to 0.1
and 0.07, respectively, the size of the partial correlation coefficient to be considered as ‘small’, the
detected magnitudes are very modest. In the case of physical health or healthcare utilization or
mortality, the predicted average effect for the chosen combinations of covariates is even closer to
zero. Finally, regardless the health outcome, when a study focuses on mandatory or involuntary
retirement, we predict an expected negative effect between -0.029 and -0.013.

5 CONCLUSIONS

We summarized the literature on the impact of retirement on health using meta-analytic
techniques. Our meta-sample consisted of 308 observations from 85 articles published in peer-
reviewed journals in the period 2000–2021. Among these findings, 28% supported the hypothesis
according to which retirement improves health; 60% provided no statistically significant effects;
and only 12% reported evidence in favour of a worsening health status after retirement.
In a first step, we checked for the presence of publication bias under the assumption of a com-

mon effect and by using a battery of meta-regression based techniques and by considering the
distribution of the 𝑡-statistics and 𝑝-values at critical values. We did not find evidence for publi-
cation bias. The average retirement effect is extremely small, considering the figures suggested by
Cohen (1988) or Doucouliagos (2011) to value the size of a partial correlation coefficient as ‘small’.
We then used model averaging strategies to explore possible sources of effect heterogeneity

across several study characteristics, like research design, estimation strategy, institutional con-
text, and type of previous occupation. Our results suggest that the different reported estimates are
linked to the differences in health outcomes used by studies. The identification/estimation strat-
egy does not appear to be particularly important for explaining heterogeneous findings, although
studies which opted for fixed-effects or first-differences tended to report more negative estimated
effects. Finally, a further source of heterogeneity is the type of retirement scheme. Compared
to standard retirement, mandatory/involuntary retirement and, to a lesser extent, postponed
retirement are associated with more negative health outcomes.
These findings have important implications for public policy, especially because many OECD

countries still adopt mandatory retirement ages (OECD, 2017, Section 2.4) and are rising fur-
ther their retirement age (OECD, 2019). Although we find that the effect of retirement on health
outcomes is in general very small in magnitude, the predicted precision effects for different com-
binations of covariates displayed in Table 5 suggest that having no choice about the timing of
retirement and being involuntarily retired (i.e. the category that we called “mandatory or invol-
untary retirement”)may have somehealth damaging implications. Policy-makers should consider
not only the financial sustainability of the pension system, but also the raising healthcare spend-
ing due to the negative impact of mandatory or involuntary retirement. Optimal welfare pension
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1140 FILOMENA and PICCHIO

policies should ensure workers a greater degree of freedom in choosing whether to retire and the
timing of their retirement.
Finally, as suggested byKuhn (2018), there are reasons to suspect that the health effects of retire-

ment are heterogeneous across dimensions, such as different types of prior occupation (e.g. blue-
vs. white-collar workers), different types of physically/mentally demanding previous jobs, time
horizons or health behaviours, which are only partially investigated in our paper. We have tried
to shed light on whether retirement differently affects blue- and white-collar workers. However,
only a very limited number of the studies surveyed distinguished between blue- and white-collar
workers. Hence, our meta-analysis has very limited statistical capacity to provide answers on this
issue. We therefore conclude with a research suggestion: future research should take these fur-
ther dimensions into account to gain a clearer picture of the multifaceted nature of the effects of
retirement on health.
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ENDNOTES
1To study the health effects of retirement, Bassanini and Caroli (2015) refer to 14 studies: five of them report
negative effects of retirement on health.

2Pabón-Carrasco et al. (2020) collect a total of 11 articles, while Li et al. (2021) have a sample of 25
longitudinal studies.

3Carone et al. (2016) report that the average number of pension measures per year in Europe was less than 10
during the late 1990s and rose to 44 between 2009 and 2014.

4See https://www.scimagojr.com/SCImagoJournalRank.pdffor details on the calculation of the SJR. The following
studies were not included in the final sample because their journals are not indexed in SCImago: Lee and Smith
(2009), Fonseca et al. (2014), and Sonet et al. (2020).

5Drinking, smoking and physical activity are examples of health behavior outcomes.
6These 11 articles are: Allen and Alpass (2020), Barban et al. (2020), Carlsson et al. (2012), Dufouil et al. (2014),
Finkel et al. (2009), Fisher et al. (2014), Kühntopf and Tivig (2012), Mazzonna and Peracchi (2012), Nishimura
et al. (2018), Olesen et al. (2014), Rohwedder and Willis (2010).

7We replicated the empirical analysis without winsorization as a sensitivity analysis. Our findings were
unchanged. We report estimation results without winsorization in the Online appendix.

8 In Table A.2 in the appendix, we report similar summary statistics by the sign of the relation between retirement
and health.

9This category also comprises two observations by Kalwij et al. (2013), the only article in our sample published in
a social-sciences journal.

10Physical health included chronic conditions,mobility, bodymass index (BMI), activities of daily living (ADL) and
ameasure of general physical status. Mental health consisted of cognitive functioning, depression or anxiety, and
amore generalmeasure which comprised generalmental health index and psychological well-being (in this case,
it also comprised happiness as a proxy for well-being).

11Omitted variables biases might be induced by differences in unobserved individual characteristics that influence
both health and retirement decisions (e.g., subjective life expectancy). Unobserved heterogeneity could be time-
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constant but also time-varying. To control for unobserved time-constant individual heterogeneity, researchers
typically use individual fixed-effects panel data models (Eibich, 2015).

12Self-reported health measures are at risk of two kinds of measurement error: (i) self-assessed health may not be
comparable across individuals (“classicalmeasurement error”); (ii) individuals who do not workmay justify their
labour market status by their ill health (“justification bias”). The latter refers to retirees’ tendencies to exaggerate
their poor health conditions in order to provide socially acceptable justification for their retirement and observed
health would be understated for retirees (Behncke, 2012; Insler, 2014).

13See Reed (2020) and the meta-analyses cited therein for other examples of meta-analyses using the partial
correlation coefficient as the effect size.

14See Table B.11 in Lipsey and Wilson (2001).
15 In Doucouliagos (2011), 0.17 is the threshold for ‘moderate’ and 0.33 for ‘large’.
16Table A.3 in the appendix displays the results of the FAT-PET specification. The results are very similar to the
ones from the PEESE model.

17The prior distribution of the 𝑡 ratios can be either a neutral Laplace prior (Magnus et al., 2010), or a neutral
Subbotin prior distribution (Einmahl et al., 2011).
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TABLE A . 2 Descriptive statistics of explanatory variables used in the meta-regressions by the sign of the
partial correlation coefficient

𝒓 ≤ 𝟎 𝒓 > 𝟎

Absolute Absolute

frequencies Mean
Std.
Dev. frequencies Mean

Std.
Dev.

Scimago subject areas
Multi area 32 0.248 0.434 55 0.307 0.463
Economics/Business 36 0.279 0.450 52 0.291 0.455
Medicine/Psychology 61 0.473 0.501 72 0.402 0.492

Health outcomes
Mortality (Reference category) 21 0.163 0.371 21 0.117 0.323
General and self-reported health 18 0.140 0.348 28 0.156 0.364
Physical health 33 0.256 0.438 38 0.212 0.410
Mental health 38 0.295 0.438 67 0.374 0.485
Healthcare utilization 19 0.147 0.356 25 0.140 0.348

Identification strategies
Other methods (Reference category) 12 0.093 0.292 26 0.145 0.353
Regression discontinuity design (RDD) 22 0.171 0.378 37 0.207 0.406
Instrumental variables (IV) 60 0.465 0.501 92 0.514 0.501
Difference-in-differences (DiD) 14 0.109 0.312 9 0.050 0.219
Propensity score matching (PSM) 8 0.062 0.242 9 0.050 0.219
Fixed-effects/First-differences 13 0.101 0.302 6 0.034 0.180

Institutional contexts
Statutory retirement (Reference category) 67 0.519 0.502 132 0.737 0.441
Mandatory or involuntary retirement 21 0.163 0.371 11 0.061 0.241
Early retirement 25 0.194 0.397 24 0.134 0.342
Postponed retirement 16 0.124 0.331 12 0.067 0.251

Geographical areas
Multi-country analyses (Reference category) 19 0.147 0.356 22 0.123 0.329
Europe 57 0.442 0.499 86 0.480 0.501
Extra-European countries 53 0.411 0.494 71 0.397 0.491

Sex
Males (Reference category) 38 0.295 0.458 64 0.358 0.481
Females 31 0.240 0.429 62 0.346 0.477
Males+Females 60 0.465 0.501 53 0.296 0.458

Calculation of 𝑡-statistic
from 95% CI or from OR (Reference category) 13 0.101 0.302 27 0.151 0.359
𝑡-statistic from 𝛽𝑖∕𝑆𝐸𝑖 116 0.899 0.302 152 0.849 0.359

Birth cohorts
Other (Reference category) 86 0.667 0.473 126 0.704 0.458
Only birth cohorts ≤ 1950 43 0.333 0.473 53 0.296 0.458

(Continues)
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TABLE A . 2 (Continued)

𝒓 ≤ 𝟎 𝒓 > 𝟎

Absolute Absolute

frequencies Mean
Std.
Dev. frequencies Mean

Std.
Dev.

Type of previous occupation
White collars (Reference category) 5 0.039 0.194 11 0.061 0.241
Blue collars 11 0.085 0.280 13 0.073 0.260
Not specified 113 0.876 0.331 155 0.866 0.342

Study-related characteristics
Google scholar citations per year 129 12.826 10.943 179 10.046 10.418
Scimago Journal Ranking 129 1.895 1.449 179 1.763 1.069
Year of publication 129 2015.023 4.523 179 2015.637 4.728

Observations 129 179

Notes: Females+Males = observations for which authors do not separate estimates for men and women. Other methods = OLS
regressions and non-linear models (logit, multinomial logit, ordered probit and Cox proportional hazard models).
(a) At the time of publication, some journals did not have the SJR index yet, either because they were published in too recent years
or because the journal was not indexed yet in Scimago. In these cases, we assigned to the journal the available value of the SJR
index which was chronologically closer.
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