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Thesis abstract

Since the early 21st century, concerns about widening inequalities in social and economic
outcomes have come to dominate academic and political debates. As noted by van Raalte
et al. (2018), the first and most fundamental form of inequality is inequality in lifespan
as all other types of inequality are conditional on being alive. Studying and tackling the
root causes of mortality inequalities is thus key for unveiling, analysing and addressing
socio-economic disparities along other dimensions. Moreover, besides being troubling per
se, mortality inequalities have also profound implications when it comes to the set-up of
key policy programs ranging from public healthcare to social security systems. Building
on these insights, in this thesis I investigate how mortality inequalities are shaped by life-
course socio-economic circumstances and by exogenous demographic shocks. The thesis
is articulated in four chapters sharing the same empirical context, i.e. Italy, and charac-
terized by extensive reliance on administrative data. The first three chapters, based on
data extracted from the digital archives of the Italian Social Security Institute (INPS),
provide novel evidence about mortality inequalities arising from employment trajectories,
occupational background and socio-economic status among the adult and elderly popula-
tion in Italy, and about their policy implications for the public pension system. The last
chapter, which builds upon a compendium of data from the Italian National Institute of
Statistics (ISTAT) including newly digitized archival sources, investigates and compares
spatial inequalities in the mortality impact of major influenza outbreaks since the early

1950s up to the COVID-19 pandemic at the subnational level in Italy.



In Chapter 1, | analyse how employment instability in later working life shapes post-
retirement survival chances in a large sample of retirees previously employed in the pri-
vate sector in Italy. While the consequences of discontinuous employment trajectories on
health and well-being of young and middle-aged people have been extensively studied,
little attention has been devoted to the relationship between employment instability in
later working life and subsequent health outcomes. Using data retrieved from the Ital-
ian Social Security Institute archives, this chapter provides empirical evidence addressing
this gap by analysing the relationship between late-career trajectories and post-retirement
mortality among Italian retirees. Methodologically, I employ sequence analysis to iden-
tify ideal-type late-career trajectories, that | use as explanatory variables in discrete-time
survival analysis. Results suggest that going through periods of unemployment prior to
retirement, especially if prolonged and not covered by unemployment allowances, is nega-
tively linked to post-retirement survival. Given the current pressures to extend the length
of working life, these findings highlight the relevance of policies aimed at improving the
employment prospects of displaced senior workers, and at ensuring adequate support in

case of prolonged unemployment.

In Chapter 2, | examine all-cause mortality diLerentials among Italian retirees by for-
mer occupational class, defined on the basis of a highly detailed taxonomy encompassing
over thirty categories. The analysis presented in this chapter tackles a major limita-
tion of existing studies on occupation-based mortality inequalities, i.e. their reliance on
broadly defined occupational classes, which limits their relevance and usefulness for pol-
icy purposes. | find mortality patterns among Italian retirees by former occupation to be
markedly gendered. In the case of men, | observe increasing mortality risk moving from
highly qualified, non-manual occupations (such as engineers and architects) to manual,

low-skilled and labour-intensive occupations (such as labourers in mining, construction



and manufacturing). | estimate that at 65 male retirees with a background in specific
low-risk occupational categories enjoy an advantage in residual life expectancy of about
4-5 years compared to those with a background in specific high-risk categories. | doc-
ument limited occupation-based mortality gradient, instead, among female retirees. In
fact, women with a background in specific upper non-manual and high-skilled occupa-
tions face worse survival chances into old-age compared to females previously employed
in lower manual and elementary occupations. The results of this study are highly relevant
for policymakers in Italy, and in countries confronting the need of extended working life
policies to meet rising pressures on social security systems posed by increased longevity.
In particular, they highlight the importance of policy measures aimed at ensuring flexible

retirement options to individuals belonging to specific high-risk occupational groups.

In Chapter 3, | explore the evolution of lifespan inequalities among the over 50 in Italy,
evaluating the distributional implications of such inequalities for the Italian pension sys-
tem. Previous research has documented the existence of tangible disparities in longevity
by socio-economic status in Italy, especially among men, discussing the challenges they
pose to the equity and the sustainability of the pension system (Ardito et al. [2021). This
literature presents, though, three main limitations. First, it is overwhelmingly cross-
sectional in nature. This gap is particularly relevant in the light of the growing number
of studies documenting widening inequalities in longevity by socio-economic status in
several OECD countries (Sasson 2016). Second, it focuses exclusively on life expectancy
(average age-at-death) dilerkntials. Still, as suggested by a growing strand of literature,
monitoring both average age-at-death and variation in age-at-death is crucial for gaining
full insight about heterogeneity in population health (van Raalte et al. 2018). Third,
discussions about the distributional implications of dilerkntial mortality for the Italian
pension system are not supported by evidence based on real employment and contribu-

tory histories. As such, little is known about the real degree of redistribution implied by



heterogeneity in longevity in the Italian pension system. The analyses presented in this
chapter address all of these points. First, | document how life expectancy and lifespan
variation by socio-economic status, measured in terms of lifetime income, have evolved
over birth cohorts (1930-1957) and calendar years (1995-2017) among individuals with an
employment background in the private sector in Italy. Results shed light on some worri-
some trends in the evolution of lifespan inequalities among the over 50 in Italy. Although
mortality delay (increasing average age-at-death) and mortality compression (declining
lifespan variability) are observed across all socio-economic strata, such improvements were
reaped mostly at the top of the lifetime income distribution, notably in the case of men.
In the case of women, lifespan inequalities are limited, with no clearly discernible trends
over time. | then show that the distributional implications of such inequalities in lifespan
for the pension system are tangible. In particular, 1 document that the erosion in the
profitability of pension contributions implied by heterogeneous longevity is stronger for
male retirees at the bottom of the lifetime income distribution, and that such dynamics

have become more pronounced over time.

Finally, in Chapter 4, | compare the provisional death toll of COVID-19 in Italy against
the mortality burden of major flu pandemics in the post-World War 11 period, i.e. the
1957 and 1969 flu pandemics, accounting for spatial inequalities in mortality at the sub-
national level. For this purpose, | exploit a newly constructed digital database with
age-sex-specific yearly mortality and population patterns in Italian provinces covering
nearly seven decades (1953-2020). Methodologically, | estimate all-cause excess mortal-
ity in Italian provinces in pandemic years, quantifying the impact on life expectancy and
lifespan variation. 1 find that in peak years 1957 and 1969, life expectancy at birth for
women and men in hardest hit Italian provinces was respectively 1.5-2 and 2-3.1 years
lower than expected. | also document that in hardest hit areas lifespan variation was

higher than expected in both 1957 and 1969 as a consequence of increased infant mor-



tality,. Compared to these major u events, | document that the human costs of the
COVID-19 pandemic in 2020 have been substantially larger. In 2020, in most a ected
provinces life expectancy for men and women dropped by 4.6 and 3 years respectively. As
a result of the sharp rise in mortality at older ages, in 2020 lifespan variation decreased
too. To the best of my knowledge, this study represents the rst direct comparison of
the mortality impact of the COVID-19 pandemic at the subnational level with the main

past u events experienced since the end of World War I1.
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Chapter 1

Late-career employment trajectories and post-retirement
mortality: evidence from Italy

1.1 Introduction

The relationship between employment and retirement has changed dramatically over
the last decades in advanced economies. The early life-course view which postulated
predictable career paths, with lifetime employment ending with direct entry into full
retirement at a speci ¢ age, has been challenged by evidence that retirement patterns have
become increasingly diversi ed (Fasang 2010; 2012). Behind the general trend towards
early retirement observed throughout the 1970-1990s, and its progressive reversal through
pension reforms aimed at postponing retirement, important heterogeneities have emerged.
For many, leaving their major employment before being meeting retirement eligibility
requirements is an involuntary choice. For others, it is a strategy to cope with policy-
induced changes in the length of working life. As such, the period between the end
of stable employment and entry into full retirement at pensionable age can be quite

discontinuous, marked by frequent job searches, displacements and unemployment spells,

1The paper constituting this chapter is currently at the second round of review at Demography |
am grateful to F.C. Billari, C. Devillanova, S. Ghislandi, E. Stru olino, to partecipants to the DisCont
research group at Bocconi University and to three anonymous referees for useful comments and sugges-
tions. Access to INPS data was kindly granted by the Italian Ministry of Labour. The opinions expressed
in this study are those of the author. They do not purport to re ect the opinions or views of the Italian
Ministry of Labour or its members.
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or re-employment at lower occupational status and salary (Marshall et al. 2001; Riekho
& Jarnefelt 2018). Rather than being a de nite event in time, marking the passage from
paid work to pension income, retirement looks increasingly as a process consisting in a
series of acts involving movements both out and back in the labor force (Hayward &

Grady 1990; p. 352).

Although there is an extensive literature examining the relationship between retirement
and health, we know little about the consequences of discontinuous employment trajec-
tories in later working life on health. This is a major gap given that a sizeable, possibly
growing, proportion of older workers in advanced economies is now facing the prospect
of some form of employment instability, encompassing job loss, prolonged unemployment
or repeated transitions into and out of unemployment, before entering into full retire-
ment. This study provides empirical evidence addressing this gap. | do so by identifying
ideal-type late-career trajectories for a large sample of individuals who spent most of their
professional life working as private employees in Italy, who retired between 2001 and 2018,
and for whom | can observe mortality up to 2018. For this purpose, | use register data
from the Italian Social Security Institute (INPS) which allow to accurately reconstruct
individual working histories. Focusing on the ten years prior to retirement, | identify
the prevalent forms of employment instability, which materialize as deviations from full-
time private employment, relating them to post-retirement mortality. Methodologically,

| employ sequence analysis to identify ideal-type late-career trajectories that | use as ex-
planatory variables in discrete-time survival analysis. Results suggest that going through
periods of unemployment prior to retirement, especially if prolonged and not covered
by unemployment allowances, impacts negatively on post-retirement survival, the e ect
being stronger for men as compared to women. | also nd that the adverse consequences
of employment instability in later working life on survival tend to be more acute among
disadvantaged occupational sub-groups, at least in the case of women. These results

are robust to sensitivity analyses which aim at alleviating concerns on reverse causality
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dynamics between employment trajectories and health.

This work draws on and contributes to three main strands of literature. First, it provides
novel evidence on the “scarring e ects' of employment instability (Clark et al. 2001), fo-
cusing on a period of working life, the later one, which has been largely neglected so
far. To the best of my knowledge, this is the rst study investigating how late-career
employment trajectories relate to post-retirement survival chances. Second, it integrates
the growing literature on the relationship between retirement and subsequent health out-
comes. It does so by stressing the importance of taking a dynamic approach to retirement,
in the wake of studies which look at retirement as a sequentially linked process rather
than as a single transition in time (Fasang 2010; 2012; McDonough et al. 2017; Riekho
2018; Riekho & Jarnefelt 2018). It is worth stressing that this study does not explore
the relationship between unemployment or retirement and mortalityper se but rather
the relationship between employment instability in the path to retirement and subsequent
mortality. Last, this study speaks also to the well-established literature on di erential
mortality (Marmot 2005; Wilkinson & Marmot 2003). To the extent that deviations
from full-time employment in later adult life are more frequent across socio-economically
vulnerable strata of the population, it can shed further light on the relationship between
socio-economic status and lifespan inequalities. Also, it can provide new insights on

drivers of di erential mortality within socio-economic groups themselves.

The remainder of this study is organized as follows. In Section 1.2, | provide a concise
overview of the relevant literature which | contribute to. In Section 1.3 and 1.4, | present
the data and the methodology | adopt. | then proceed with the results, that | illus-
trate in Section 1.5. Final remarks, including comments on limitations and avenues for

improvements and further research, conclude.
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1.2 Employment instability, retirement and health

The relationship between employment and health has long been studied (Dooley et al.
1996; Jin et al. 1995; Roelfs et al. 2011). Still, it continues to raise signi cant scholarly
interest. Indeed, the mechanisms connecting employment status and health outcomes are
complex, possibly countervailing and certainly di cult to disentangle. On the one hand,
precarious employment, unemployment, and inactivity are generally expected to have a
negative impact on individual health, the potential channels beingnter alia, economic
hardship, loss of status, or harmful behavior, such as suicide (Wilkinson & Marmot
2003). On the other hand, employment itself can have a negative impact on health
via physical stress, injuries, professional diseases, or perceived job insecurity (Caroli &
Godard 2014; Quinlan 2015). The consensus is that unemployment is associated with
worse health outcomes, also after accounting for health selection issues (Blakely et al.
2003; Pirani & Silvani 2015; Vagero & Garcy 2016). Yet, evidence of causality remains
mixed (Salm 2009; Schmitz 2011; Sullivan & von Wachter 2009). A major limitation of
many existing studies connecting employment and health, which may also be the reason
behind contradictory results, is their focus on short-term labour market events. In fact,
the e ects of given employment conditions may depend on the length of exposure to a
given status, accumulate over time and emerge only gradually. For this reason, scholars
have increasingly stressed the need for taking a more dynamic approach to the issue,
looking at long-run employment trajectories over the life course (Benach & Muntaner
2007). Longitudinal data, and techniques to process them, such as sequence analysis,
have been employed for this purpose. Research e orts have concentrated mostly on
the long-term impact of employment trajectories on health and well-being of young and
middle-aged people (Clark & Lepinteur 2019; Devillanova et al. 2019; Sarti & Zella 2016;
Torssander & Almquist 2017; Waenerlund et al. 2014). These studies are unanimous
in concluding that low labour market attachment and trajectories marked by spells of

short- and long-term unemployment have a negative impact on self-reported health and
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survival.

Little attention has been devoted, though, to the relationship between employment insta-
bility in later working life or in the retirement process and subsequent health outcomes.
Research on transition into retirement and health has focused overwhelmingly on the
e ect of the transition per seor on the timing. The overall evidence on the e ect of
retirement on health is, at best, mixed (van der Heide et al. 2013). As for timing, the
consensus is that early retirement has adverse e ects on health (Burdorf 2010; Hult et al.
2010; McDonough et al. 2017; Westerlund et al. 2010), even after accounting for health
selection issues (Barban et al. 2017). Some studies have examined the consequences of
employment instability in the retirement process for income inequality in old age (Fasang
2012; Riekho & Jarnefelt 2018). With speci c reference to the Italian context, Contini

& Leombruni (2006) nd that the late-career of a non-negligible share of the working
population in the early 1990s was marked by irregular patterns of labour market activity,
with negative consequences for wages and pensions. Still, there is limited research about
the relationship between employment-to-retirement trajectories and inequality in seniors'
health and longevity. A few studies employ SHARE data providing retrospective em-
ployment information to investigate how employment histories over the life course relate
to self-reported health and quality of life at older ages (Ponomarenko 2016; Wahrendorf
2015; Zella & Harper 2018). These studies suggest that going through spells of inac-
tivity and unemployment over the life time has negative consequences for well-being in
old age, particularly in the case of men. To the best of our knowledge, Marshall et al.
(2001) provides the only study, so far, looking speci cally at the relationship between late-
career employment trajectories and subsequent health outcomes. Focusing on a sample
of early retirees from a major Canadian telecommunication company in the 1985-1995
decade, they nd that instability in the retirement transition, measured in terms of un-
employment spells, yields adverse e ects on self-rated health after retirement. Analogous

evidence on how late-career employment trajectories relate to post-retirement mortality is
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still missing. Given the progressive erosion of direct transition from life-time employment
to retirement, there is room for arguing that further research on late-career trajectories

and health is much due.

1.3 Data

1.3.1 The INPS LoSai sample

| use longitudinal register data extracted from the archives of the Italian Social Security
Institute (INPS) to examine late-career trajectories of a sample of workers previously
employed in the Italian private sector, who retired between 2001 and 2018. Speci cally,

| rely on the INPS LoSai sample made available by the Italian Ministry of Labout. The
INPS LoSai sample is made up of individuals born on days 1 and 9 of each month of
any birth year, for all cohorts appearing in the INPS archives. To the extent births
are uniformly distributed in any year, extracted individuals represent about 8% of the
INPS population. | combine data from three sources. First, th&stratti Conto dataset,
which reports the entire contributory history of private sector workers covered by INPS-
managed social security schemes until 2018. Major schemes managed by INPS cover
private sector employees and self-employed workers, including craftsmen, shop-keepers,
and farmers. Public employees and high-pro le freelance professionals (e.g. architects,
lawyers, etc.) are covered, instead, by non-INPS schenfe§he Estratti Conto dataset
provides a detailed record of all episodes in one's working life covered by INPS social
security contributions: employment/self-employment job spells, parental/family leaves,
sickness/injury episodes, unemployment spells covered by social bene ts, work suspension
spells covered by wage subsidy schemes. For each spell, there is information about its

beginning/ending date, and about the monetary value of the relative contributions. For

1Access to the INPS LoSai sample is granted to researchers upon the presentation of a research
proposal. Seehttps://www.cliclavoro.gov.it/Barometro-Del-Lavoro/Pagine/Microdati-per-la
-ricerca.aspx

2Public employees' pension scheme (INPDAP) was brought under INPS' supervision at the end of
2011. still, public employment spells are not available in the INPS LoSai sample.
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private employment spells, theEstratti Conto provides also information about occupa-
tional class (blue-collar, white-collar, middle-manager and manager) and type of contract
(full-time vs part-time). The second source | draw on is th&€asellario Pensioniarchive,
which keeps track of all recipients of pension bene ts disbursed by INPS between 2001
and 2018. For each pension benet, | have information about the date in which the
pension ow started, the date in which the pension ow ended (if this occurs by the end
of 2018) and the type of pension bene t. Appendix A.1 provides a detailed description
of categories of pension bene ts disbursed by INPS. Third, | use information extracted
from the Anagra ca dataset, which reports basic demographic characteristics of workers
appearing in the INPS archives, including gender, year of birth, year of death (if relevant),
and region of residence as of 2018 or as of the year of death. major drawback of the
Anagra ca dataset, and of register data in general, is the paucity of information about
individual characteristics. | notably lack information about education, marital/family
status, and other family background characteristics, and | cannot match across spouses

or family members.

1.3.2 Sample construction

The initial sample is composed by 501,220 individuals who retired between 2001 and 2018.
| identify retirement time as the rst year in which the individual starts receiving old-age
or seniority pension bene ts from INPS2 | restrict my analysis to individuals who report
at least one contributory spell (i.e. who appear in théstratti Conto dataset) in the ten

years prior to retirement and who spent most of their career working as private employees,

3The INPS LoSai sample allows to distinguish ve types of pension benets: (i) old-age/seniority
pensions, which are granted upon attainment of age/contributory requirements; (ii) disability pensions;
(iii) survivors' pensions; (iv) indemnity pensions, which are granted to individuals a ected by occupa-
tional injuries/diseases; (v) social pensions, which encompass bene ts to severely disabled people and
to individuals with old-age/seniority pension bene ts below the minimum. The monetary amount of
pension bene ts is not available in the INPS LoSai sample.

4Data in Anagra ca do not allow to identify past changes of residence, if any

SIndividuals are entitled to old-age pension bene ts upon attainment of speci ¢ age. Entitlement to
seniority pension bene ts is related, instead, to years of social security contributions. In the INPS LoSai
sample, these two types of pension bene ts are not distinguishable.
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as deducible from their contributory history (N=238,098). In other words, | focus on
individuals who contributed for most of their career, measured in terms of years (i.e.
50%, to the INPS scheme covering private sector employedsofido Pensione Lavoratori
Dipendenti).® | also exclude individuals whose rst appearance in INPS archives occurs
at a suspiciously young age, i.e. below 12, and individuals whose rst appearance in
INPS archives occurs at age> 30, the purpose being to focus on individuals whose
career is mostly tracked by theEstratti Conto dataset (N=8,490). To alleviate reverse
causality concerns about late-career trajectories and subsequent mortality patterns, |
further exclude individuals who spend most of any of the ten years prior to retirement in
injury/sickness leave (N=1,857). | also exclude individuals who retired before the age of
50 or after the age of 70 (N=3,253), the aim being to have a sample of people who entered
into retirement at a normal age, presumably in good health. The nal sample consists
of 224,498 uniquely identi ed individuals, 146,978 men and 77,520 wonmgthat can be
followed from retirement up to 2018 or to the year of death if this occurs before 2018, for
a total of 2,206,937 person-year observations and 20,379 recorded deaths (16,458 in the
case of men, 3,921 in the case of women). Descriptive statistics about the nal sample are

reported in Table 1.1. Table 1.2 recapitulates the steps taken in the sample construction.

1.3.3 Employment statuses in INPS data

For each retiree in our sample, | can reconstruct reliable career trajectories since the
entry in the labour market until retirement based on their Estratto Conto, i.e. their
contributory history at INPS. Spells that fall outside the scope oEstratti Conto pertain

to ve main cases: (i) transition into temporary unemployment not covered by any al-

lowance, (ii) transition into the informal labour market, (iii) transition into permanent

In measuring the share of career spent contributing to the FPLD scheme, | exclude employment
spells after retirement.

"The imbalance in observations across sexes is consistent with women's traditionally low participation
to the Italian labour market.
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unemployment/inactivity, 8 (iv) transition into the public sector / high-pro le freelance
jobs, (v) migration abroad. Since the focus of our analysis is on late-career trajectories,
i.e. the last ten years prior to retirement, case (iv) can be ruled out since the likelihood
of getting a public sector job (which in most of the cases implies passing a public exam-
ination) or turning into highly quali ed professional activity in late adulthood is likely
negligible (Contini & Leombruni 2006). While the data do not allow to directly address
the case of migration abroad, statistics on the characteristics of Italian emigrants suggest
that migration in later working life is also infrequent® Case (i) can be properly identi-

ed if the individual disappears from the data and re-appears during a given year, of if
s/he disappears and reappears during the following year. Unfortunately, the data do not
allow to disentangle the remaining two cases. Long-term disappearance from the scope
of Estratti Conto in the last years prior to retirement may be well due to transition into
inactivity or into the informal labour market. | thus consider these two cases together
as (formal) unemployment. With these caveats in mind, | identify 7 mutually exclusive
employment statuses in which individuals may predominantly fall during a given year:
(i) full-time dependent work, (ii) part-time dependent work, (iii) self-employment work?,

(iv) temporary suspension from work covered by wage subsidy public schemes (the so-
called Cassa Integrazione Guadagnor CIG), (v) unemployment (i.e. having worked less
than 26 weeks during a year) covered, at least in part, by unemployment bene ts, (vi)

unemployment (i.e. having worked less than 26 weeks during a year) with no unemploy-

8t is important to stress that transition into permanent inactivity may be associated to so-called
'voluntary exodus', i.e. voluntary redundancy regulated by private agreements between older workers
and companies by which the former decide to leave their job in exchange for support for the years leading
to the retirement age. Voluntary exodus has become a policy issue in Italy after the 2011 pension reform,
which raised the retirement age by 3-4 years abruptly, leaving about 300,000 workers which had opted
for voluntary exodus with no job and no pension (Checchi & Leonardi 2015).

9According to the 2019 report on registration and de-regristration trends of the Italian resident
population issued by the ltalian National Institute of Statistics (ISTAT), the average age of Italian
emigrants in 2018 was 33 in the case of men and 30 in the case of women. The share of Italian emigrants
aged 50+ was 13%. Seéttps://www.istat.it/it/files//2020/05/Migrazioni_EN.pdf

10A particular type of workers' category covered by INPS data is that of “parasubordinate’ workers, i.e.
workers who fall formally under non-subordinate contractual arrangements while working,de factg as
dependent employees with reduced access to social welfare bene ts. We classify spells of parasubordinate
work as self-employment.
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ment bene ts,'! and (vii) a residual category of statuses, as resulting from thEstratti

conto, which do not fall into any of the former six (e.g. family leaves).

1.4 Methods

1.4.1 Sequence and cluster analysis

To identify late-career trajectories, | apply sequence analysis. According to this theoreti-
cal and methodological framework, individual trajectories can be represented as sequences
of categorical events, or states (Abbott 1995). The rst step in sequence analysis is gen-
erally to produce a matrix of dissimilarity between individual sequences, which can then
be used as input for data-reduction techniques, such as cluster analysis. Groups of in-
dividual sequences identi ed through data reduction techniques can further be used as

determinants, or consequences, of life course trajectories (Barban & Billari 2012).

| construct individual sequences of employment statuses for each individual in the nal
sample focusing on the 10 years prior to retirement. Speci cally, | code each individual
yearly-based observation according to the prevalent employment status, among the 7
outlined above. For instance, the trajectories of two individuals X and Y who transition,
respectively, from full-time employment (FT) to unemployment without social allowances
(UWB) in the last three years prior to retirement and from full-time employment to part-

time employment (PT) in the last ve years prior to retirement would look as follows:

11t should be noted that employment state vi) includes both individuals who spend >26 weeks overall
in formal unemployment without unemployment bene ts but worked for the rest of the year, and indi-
viduals who spend the entire year in format unemployment (i.e. do not appear in the dataset), in any
of the ten years prior to retirement. While closely related, these two cases are conceptually di erent as
the former category of individuals experience some transition in and out of unemployment during the
year, while the latter do not. For this reason, in a preliminary version of the paper, | dierentiated
between the two, obtaining results for both cluster and survival analysis which were very similar to those
presented in the current version of the paper. For the sake of simplicity, | thus consider the two cases as
falling into the same employment state.
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X :(FT, FT, FT, FT, FT, FT, FT, UWB, UWB, UWB)

Y I (FT, FT, FT, FT, FT, PT, PT, PT, PT, PT)

If an individual experiences multiple employment statuses during a year, she is assigned
to the status which lasted the longest in terms of weeks. | use tiRpackageTraMineR
developed by Gabadinho et al. (2011) to analyze the individual sequences so constructed.
Given that employment trajectories of men and women tend to dier, | perform the

analysis separately for each gender.

| rst compute pairwise dissimilarity matrices for men and women using the dynamic
Hamming algorithm to measure distance between individual sequences. The dynamic
Hamming method has been proposed as an alternative to traditional optimal matching
techniques. In optimal matching, the dissimilarity between two sequences is measured by
considering how much e ort is needed for transforming one sequence into the other (Bar-
ban & Billari 2012). Transformation entails three basic operations (insertion, deletion
and substitution) to which speci ¢ costs should be assigned. Critics of optimal matching
generally point at the di culty of providing solid theoretical background to the determi-
nation of these costs (Gauthier et al. 2009). They also stress failure of optimal matching
to account for non-linear dependency over time. That is, by relying on transformation
costs which are the same at any point of the sequence, and independent of the direction,
optimal matching ignores the ordering of sequences. This implies, for instance, that op-
timal matching treats transitioning from employment to unemployment as equivalent to
transitioning from unemployment to employment, and transitioning from employment to
unemployment as equally costly regardless of whether it occurs at age 50 or 65. The dy-
namic Hamming method proposed by Lesnard (2006) addresses both shortcomings. First,

it does not use insertions or deletions (for this reason, it can exclusively handle sequences
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of equal length). Second, it employs substitution costs which depend on positibm the
sequence and which are derived from transition rates between possible states observed
in the sample at successive positions. Following (Lesnard 2006), the dynamic Hamming

time-dependent substitution cost between statea and b at position t is de ned as:

s(@b=4 pa) p@ELH pea(da) pea(ab) (1.1)

where p(ba) is the probability of transitioning from a to b betweent 1 andt, and
s 2 [0;4]. The higher (lower) the transition rate between states and b betweent 1
andt, and betweent and t + 1, the lower (higher) the substitution cost betweera and b
at t. Given its timing sensitivity, the dynamic Hamming method is particularly useful for
applications in which the exact timing/position of states within sequences is theoretically

important, as in the case of retirement trajectories (Aisenmbrey & Fasang 2010).

| use the dissimilarity matrices so derived to identify ideal-type late-career trajectories for
men and women by means of hierarchical cluster analysis. As linkage criterion, | rely on
the Ward's method, which minimizes the within-cluster variance. | determine the number
of clusters based on three criteria: (i) the observation of theoretically meaningful clusters,
(i) saturation (i.e. whether the addition of a new cluster is just another version of those
already existing), and (i) su cient number of observations in each clustet? | further
evaluate the adequacy of clusters so determined by relying on the average silhouette width
(ASW) criterion, weighted by the number of sequences in each cluster, which measures
the coherence of assignment of each sequence to a given cluster. Average silhouette
width ranges between 1 and -1, with 1 indicating very good clustering and value<
acceptable quality of clustering (Torssander & Almquist 2017). Based on these criteria,

as further detailed in Section 1.5, | eventually end up with a six-cluster solution for

12As a rule of thumb, | considered 1000 individuals to make a su cient number.
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men and a seven-cluster solution for women. In both cases, the average silhouette width
(weighted) is close to 0.6, which indicates good quality of clustering. Plots of average
silhouette width (weighted), for di erent cluster solutions, are reported in Figure A.1

in the Appendix, for men and women respectively. Using partitioning around medoids
(PAM) criterion (Kaufman & Rousseeuw 2005) as alternative clustering technique yields
analogous clustering solutions, in terms of qualitative di erences between clusters, cluster

assignment and consistency within clusters (Figure A.2 and Figure A.3 in Appendix A).

1.4.2 Survival analysis

| examine the relationship between late-career employment trajectories and post-retirement
mortality by using the identi ed clusters as explanatory variables in survival analysis,
where the focal event is death. Individuals are followed from the year of retirement until
2018 or until the year of death if this occurs before 2018. My outcome of interest is a
dichotomous variable taking value 1 if the individual is dead by the end of the year, O if
she is still alive. Since the data do not allow to identify the precise date of death, but only
whether any individual is dead/alive by the end of each year, | turn to to discrete-time
survival analysis!® Speci cally, | opt for the complementary log-log model that best ts
the case of survival times which are continuous in nature but come grouped or banded
into intervals (Jenkins 2005). The model speci cation for the interval hazard rate, for

each sex, looks as follows:

log( logll hj(X))= X+ | (1.2)

or

BInformation about the year of death, when applicable, come from theAnagra ca archival dataset.
One may alternatively derive more precise information about the timing of death (month and year) by
looking at the ows of pension instalments. Still, time mismatches between death and interruption of the
pension ow can always occur. Thus, | take a conservative approach and use death information provided
directly by INPS.
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h(X)=1 exg exp( X + ;)] (1.3)

whereh(j; X ) de nes the hazard rate of dying over the intervaj, X are the covariates with
the related coe cients , and ; are parameters that summarize the duration dependence
in the interval hazard. In this case, | opt for a fully non-parametric baseline hazard. This
implies creating duration-speci c-interval dummy variables, one for each spell year at risk.
The main explanatory variables are the dummies for the various ideal-type late-career
trajectories identi ed through cluster analysis. Baseline controls include year of birth to
account for cohort e ects, region of residence, and a set of dummies for the prevalent
type of occupational position held throughout the observable career (blue-collar, white-
collar and manager¥). Indeed, both geography and occupational history are likely to
in uence late-career individual trajectories, just as they happen to be well-established
drivers of health inequalities (Leombruni et al. 2010; Petrelli et al. 2019). Baseline controls
include also: age of appearance in thestratti Conto records, which can be interpreted
as a proxy of age of entry into the labour market, age at retirement, and a dummy
for whether the individual records any employment spell after retiremerf. The main
threat to the validity of my analysis comes from unobservable health conditions which can
a ect both retirement trajectories and post-retirement mortality. | seek to address this
reverse causality concern by controlling for the reception of pension bene ts associated
to physical or mental impairment, occurring prior to the attainment of old-age/seniority
pension. | do so by including a set of dummies for the reception of (a) disability pension
bene ts, (b) indemnity pension bene ts and (c) social pension bene ts (see Appendix
A.1 for details about pension bene ts). | also include a dummy for the reception, prior

to retirement, of survivors' pension benets. While not directly related to recipient's

1This category include both ‘quadri', who hold middle-management positions, and dirigenti ', who
hold executive positions.

151n Italy, old-age/seniority pension bene ts are fully compatible with earnings from autonomous or
dependent work since January 2009. Prior to this date, paid work after retirement implied a reduction
in pension bene ts.
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physical or mental impairment, survivors' bene ts track the occurrence of a major event,
i.e. the loss of one's spouse, which may a ect both health conditions (Roelfs et al. 2012)

and labour supply decisions (Fadlon & Nielsen 2020; Giupponi 2019).

1.5 Results

1.5.1 Sequence analysis

Figure 1.1 reports the transversal state distribution, i.e. the percentage of individuals
in each employment state, in the ten years prior to retirement for men and women who
retired between 2001 and 2018. In each gure, the horizontal axis measures the time
to retirement expressed in terms of years. Full-time employment is the most frequent
employment status both for older male and female workers, although its relative im-
portance decreases as retirement approaches, notably in the case of women. The most
noticeable di erence across sexes is the larger incidence of part-time work and long-term
unemployment/inactivity prior to retirement among women as compared to meff This

is line with the weaker attachment of Italian women to the labour market dueinter alia,

to gender asymmetries in caring responsibilities in a context traditionally marked by
“familistic' welfare (Esping-Andersen 1990). The limited relevance of self-employment is
not surprising given that my sample consists of people who paid contributions as private

sector employees for most of their career.

As noted above, hierarchical cluster analysis delivers a six-cluster solution for men and
a seven-cluster solution for women. Figure 1.2 displays clusters of individual sequences,
ordered based on the distance from the most frequent sequence in each cluster, for men

and women respectively/ As one can notice, the composition of clusters across sexes

18]t should be noted that INPS data do not allow to measure the proportion of part-time work compared
to full-time work, nor they allow to qualify part-time work as a voluntary or involuntary choice. This
limits both the room for gender comparison and for analysing the in uence of part-time work trajectories
on subsequent health outcomes.

17For visualization reasons, 500 representative sequences (randomly drawn) are shown for each cluster.
Graphs reporting all sequences in each cluster are available upon request.
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is qualitatively similar. Cluster Full-time employment is clearly dominated by stable
late-career employment trajectories, corresponding to the paradigm of smooth transition
from full-time employment directly into retirement. At the national level the majority of
men falls into this cluster (60%), while this is the case for about 39% of women. Still,
as we further illustrate below, sizeable heterogeneities exist across macro-regions (Ta-
ble 1.3). Cluster Self-employment features sequences characterized mostly by spells
of self-employment work. This is the case of individuals (about 7% and 6% of sam-
pled male and female retirees) who used to hold a dependent job, and who spent the
ten years prior to retirement working mostly as self-employed. Cluster Full-time em-
ployment/unemployment without bene ts is characterized by sequences featuring early
stable employment which then gives way to spells of unemployment not covered by social
bene ts prior to retirement. About 6.7% of male retirees and 5.5% of female retirees in
our sample fall into this case. Cluster Full-time employment/unemployment with ben-

e ts features sequences where full-time work gives way to unemployment spells, mostly
covered by unemployment bene ts. This cluster concerns about 10.7% of men and 8.1%
of women in our sample. Cluster Unemployment without bene ts is characterized by
trajectories dominated by spells of (formal) unemployment not covered by social bene ts
along the entire decade preceding retirement. This trajectory ts the case of individuals
who may be unable to nd a (formal) job after dismissal or who may voluntarily drop
out of the labour market. About 14% of male retirees and 26.6% of female retirees in
our sample fall into this case. Cluster Part-time employment is characterised by the
prevalence of part-time work spells. The share of men fall into this category is minimal
(0.9%), while it is sizeable in the case of women (13.1%). Last, cluster Full-time/part-
time employment , the only women-speci c cluster, is characterized by trajectories where
full-time work gives way to part-time work prior to retirement. About 2.8% of female

retirees in our sample follow this late-career trajectory.

Regional disparities in the distribution of ideal-type late-career trajectories are markedly
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pronounced (Table 1.3). In the case of men, slightly less than 70% of male retirees in
the North of the peninsula, traditionally richer and economically more dynamic than the
South (Felice 2018), fall in the full-time dependent work career path, while this is the case
for less than 50% of the retirees in the Southern regions. Likewise, male pensioners from
the Centre-North have remarkably less chance of going through spells of unemployment
compared to the male retirees living in the South. Considerable regional disparities exist
also in the case of women. The proportion of women belonging to cluster Full-time
employment in the North-West is more than 25pp higher compared to women in the
South. The same holds true for the Part-time employment trajectory which is three
times more common in the North than in the South. By contrast, women in the South
are three to ve times more likely than Northern ones to go predominantly through spells
of unemployment/inactivity, not covered by any social allowance. In fact, the proportion
of women spending most of the ten years prior to retirement out of the formal labour
market is large in all macro-regions, compared to men, but particularly so in the South.
Still, it is worth remembering that our data do not allow to distinguish between long-term
unemployment, voluntary inactivity and transition into the informal labour market. It is
possible that some of the Southern older workers who result as formally unemployed are

actually active in the shadow economy.

There are also some noticeable trends in the prevalence of ideal-type career trajectories
over the selected years (2001-2018). As documented by Figure 1.3, there is an increase
in the share of women with retirement trajectories marked by full-time and part-time
employment, and a sizeable decline of those spending most of the decade prior to re-
tirement into formal unemployment. These trends can be associated to pension reforms
which raised the statutory retirement age, making increasingly costly for women to leave
the labour market while waiting to meet the age requirements to claim pension bene-

ts. 18 In the case of men, we observe an increase in the share of men who go through

8These trends become particularly visible after theFornero reform (Law-decree n. 201/2011), which
provided for a sharp rise in the statutory retirement age, particularly in the case of women, starting from
2012 (Moscarola et al. 2016).
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spells of unemployment covered by unemployment bene ts, notably after the 2011 debt
crisis, to the detriment of direct transition from full-time work to retirement. Such trend
could be related to policy measures introduced in 2012 and 2015 which expanded un-
employment bene t provisions for private sector-employees, and strongly relaxed access
requirements!® Albeit quantitatively marginal, we observe also an increase in the share
of men with retirement trajectories marked by part-time employment. While some of
the observed trends may stem from sluggish economic conditions in the 2010s (Lorenti
et al. 2019), they are also likely to re ect structural changes in the Italian labour market
induced by reforms aimed at increasing the length of working life (Carta & Dephilippis

2021).

Overall, sequence and cluster analysis con rm that a non-negligible share of individuals
who retired in Italy between 2001 and 2018 experienced some form of employment in-
stability, measured in terms of deviation from the full-time employment paradigm. Also,
although the data do not allow for a proper distinction between unemployment and em-
ployment in the informal labour market, a strong South-North divide emerges from the
analysis, deviations from full-time employment in later working life being markedly more

frequent in Southern than in Northern regions.

1.5.2 Survival analysis

The outcome of interest is a dichotomous variable taking value 0 if the individual is still
alive at the end of the year, 1 if she is dead. As noted above, | do notimpose any constraint
on the baseline hazard. That is, in each regression | include as many dummies as the
maximum survival time observed. Since the earliest year of retirement in the dataset is

2001, and there are individuals from the 2001 retirement cohort who are still alive by the

¥More speci cally, the 2012 reform, also known as the Fornero unemployment bene t reform, increased
wage replacement rates for rst six months of unemployment from 60% to 75%. Three years later,
the 2015 reform markedly eased requirements for requiring access to unemployment bene ts, setting a
minimum of (i) 13 weeks of social security contributions in the four years prior to the request, and (ii)
18 days of e ective work in the year prior to the request (the former regime imposed a minimum of 12
months of contributions in the two years prior to the request).
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end 2018, the maximum survival time is 18 years. In all tables, estimated coe cients are
reported in the exponentiated form, in order to make them readily interpretable in terms

of hazard ratios. Parentheses report robust standard errors.

Table 1.4 displays results from complementary log-log regressions for men. The main ex-
planatory variables of interest are the dummies for the ideal-type late-career employment
trajectories. The cluster of reference is always the ideal-type trajectory characterized by
full-time employment. For reasons of space, the estimated hazard ratios for the duration-
speci ¢ interval dummies are not showrf® Column 1 reports results when controlling for
year of birth only. In this baseline model, all retirement trajectories deviating from full-
time private employment come with higher post-retirement mortality risk (hazard ratios

> 1). In Column 2, | add controls for a number of potential confounders. First of all, |
control for macro-region of residence, as geography in Italy is an important factor in u-
encing both employment perspectives (Aimone Gigio et al. 2021) and health outcomes
(Petrelli et al. 2019). Second, | control for prevalent type of occupational position held
throughout the observable career as the latter can plausibly in uence late-career trajecto-
ries and is a well-established determinant of mortality (Leombruni et al. 2010). | further
control for age at rst job, which can be seen as a proxy for educational level, that is
an important factor in uencing both senior workers' employment prospects (Visser et al.
2016) and health outcomes (Mackenbach et al. 2019). | also control for age at retirement
and post-retirement employment which may re ect factors likely related to both late-
career employment trajectories and post-retirement mortality. Age at retirement may
re ect both unobserved health status and life-long employment history. For instance,
retiring at a relatively early age may stem from poor health, but also from an uninter-
rupted career which gives access to pension bene ts before reaching statutory retirement
age based on years of contributions. Similarly, post-retirement employment may re ect

(good) unobserved health (Wahrendorf et al. 2017), but also poor economic conditions

20Qverall, the magnitude of the estimated hazard ratios of duration-speci c-interval dummies suggests
that the hazard increases as time from retirement elapses. Full results, including estimated baseline
hazards, are reported in Table A.1 and Table A.2 in the Appendix.
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(Principi et al. 2012).

Controlling for all these potential confounders make the hazard ratios decrease in mag-
nitude, but all late-career trajectories deviating from full-time employment remain pos-
itively associated to higher post-retirement mortality risk. The greatest risk (+27%
with respect to the cluster of reference) is attached to the Full-time/Unemployment
without bene ts trajectory, suggesting that the scarring e ect of unemployment is par-
ticularly harmful if it follows full-time employment and is not covered by unemployment
allowances. Dwelling shortly on control variables, a few results are worth stressing. First,
higher age at rst job comes with lower post-retirement mortality risk, which is consistent
with the interpretation of it being a proxy for educational level. Second, geographical
disparities in post-retirement survival are quite pronounced. Male retirees living in the
North-East have a higher (+7%) post-retirement mortality risk compared to male retirees
living in the Centre, while the opposite holds for those living in the South (-12%) and
in the Islands (-16%). This inverse North-South post-retirement mortality gradient is
in line with ndings from previous works investigating mortality patterns among Italian
pensioners formerly employed in the private sector on the basis of INPS archival data
(Belloni et al. 2012; Lallo & Raitano 2018; Leombruni et al. 2013} Third, having a non-
blue-collar background has a strongly protective e ect in terms of lower post-retirement
mortality risk (-25% and -19% for former managers and white-collar employees respec-

tively, as compared to former blue-collar workers), in line with previous works (Leombruni

211t is worth stressing that analyses based on linked census and mortality records nd evidence of higher
mortality risk in the general population in southern Italy, compared to the rest of the country (Petrelli
et al. 2019). A plausible explanation for the inverse North-South mortality gradient documented on the
basis of INPS archival data lies in the composition of INPS population which consists, as noted, of private
sector workers. As such, the INPS population is not fully representative of the Italian general population,
since it excludes individuals who work in the public sector, those who work in the black market, and
those who have never joined/have dropped out of the labour force. | advance two possible reasons for
the inverse North-South mortality gradient among (former) private sector workers. First, it is possible
that individuals with poor/vulnerable health are less likely to join the private sector in the Centre-South
as compared to the North, maybe because they are more likely to join the public sector or the black
market, or to drop out of the labour force tout court. In other words, it is possible that private sector
workers in the Centre-South are selectively healthier as compared to the North. Second, it is possible
that private sector workers living in the North are exposed to risk factors, such as employment in speci c
industries, which make them more vulnerable compared to their counterparts in the Centre-South.
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et al. 2010).

The main threat to the validity of these results is represented by reverse causality dy-
namics whereby unobservable health conditions a ect both retirement trajectories and
post-retirement mortality. It is possible, indeed, that individuals who deviate from the
full-time work trajectory do so for health reasons, implying an upward bias in the hazard
ratios for the various clusters. This is also suggested by the higher incidence of recip-
ients of allowances payable upon the occurrence of physical/mental impairment among
individuals who deviate from the Full-time employment trajectory (Table A.3 in the
Appendix). | seek to address this issue by controlling for: (i) the reception of allowances
related to physical/mental impairment prior to retirement, (ii) the total number of sick-
ness/injury leave episodes in the ten years prior to retirement, (iii) the cumulative number
of full weeks in sickness/injury leave in the ten years prior to retiremerfé Results, shown

in Column 3, suggest that some reverse causality is indeed at play, as witnessed by the
loss of magnitude and statistical signi cance of our hazard ratios of interests and by the
strong positive association between the various types of allowances and post-retirement
mortality risk. Still, all retirement trajectories, but the one dominated by part-time
employment, remain signi cantly associated to higher post-retirement mortality risk. In
particular, men who spend most of the decade prior to retirement in formal unemployment
have a post-retirement mortality risk which is 13% higher than those who transition from
full-time private employment into retirement. Going from full-time employment through
unemployment is associated to an increase in post-retirement mortality risk by 9.9%, if
unemployment is covered by allowances, and by 8.0%, if it is not. This di erence could
is surprising as one may expect unemployment allowances to hageteris paribus a pro-
tective e ect on health. However, the di erence between the two estimated coe cients

is statistically non-signi cant (p> 2 =0:66)

Table 1.5 reports results from complementary log-log regressions for women. Column 1

22|t is important to stress that in the data, sickness/injury leave episodes lasting less than one week
are reported as lasting zero weeks.
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shows results for the baseline model where, in addition to the explanatory variables of
interests, | control for the year of birth only. In this baseline speci cation, retirement
trajectories featuring unemployment spells not covered by allowances are strongly asso-
ciated to higher post-retirement mortality risk. A positive association emerges also in
the case of trajectories dominated by self-employment and of trajectories characterized
by transition from full-time to part-time private employment. When adding controls for
macro-region of residence, prevalent type of occupation, age at rst job, age at retire-
ment, and post-retirement employment, also the trajectory characterized by the transition
from full-time private employment to unemployment covered by allowances comes with
a higher post-mortality risk compared to the cluster of reference. It is worth noting that
the relationship between post-retirement mortality and control variables di ers between
men and women. Indeed, in the case of women, higher age at rst job results in a higher
post-retirement mortality risk. To the extent that age at rst job is a reliable proxy of ed-
ucational attainment, this result is consistent with previous studies nding a non-linear,
when not inverse, gradient between education and health for Italian women (Leombruni et
al. 2010). This interpretation is corroborated by the fact that female retirees with former
white-collar and managerial jobs do not display a signi cantly lower risk than those with

a blue-collar background. The relevance of macro-region of residence is attenuated, too.
To address reverse causality concerns, in Column 3, | include controls for the reception of
allowances related to physical or mental impairment prior to retirement, the total number
of sickness/injury leave episodes in the ten years prior to retirement, and the cumulative
number of full weeks in sickness/injury leave in the ten years prior to retirement. Unlike
men, the retirement trajectory which comes with the strongest post-retirement mortality
risk is the one dominated by self-employment spells (+21.0% compared to the Full-time
employment cluster), followed by the trajectory characterized transition from full-time
private employment to unemployment covered by allowances (+18.5%) and by the tra-
jectory marked by prolonged unemployment (+12.2%). Being employed part-time or

transitioning from full-time employment into unemployment not covered by allowances
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has no appreciable association with post-retirement mortality risk. It is possible that
women who leave full-time employment entering formal unemployment do so voluntarily,
possibly upon own partner's retirement (Bloemen et al. 2019; Pozzebon & Mitchell 1989),
even if they have not reached the requirements for accessing pension bene ts, and this

may be actually bene cial for their health (Zang 2020).

In Table 1.6, | allow for heterogeneity in the association between ideal-type trajectories
and post-retirement mortality based on prevalent occupational category and macro-region
of residence. Columns 1 to 2 report results for men. In Column 1, clusters are interacted
with dummy variables taking value 1 if the prevalent occupational category throughout
the observable category is white-collar or manager. Results suggest that the association
between retirement trajectories and post-retirement mortality risk does not signi cantly

di er across occupational groups, broadly de ned. In Column 2, | interact clusters with

a dummy taking value 1 if the macro-region of residence is either North-East or North-
West. | nd that the positive association between post-retirement mortality risk and
trajectories marked by unemployment spells, not covered by allowances, is stronger for
men living in the North, where deviations from the full-time private employment for
mature workers is less frequent, as compared to men living in the rest of Italy (Centre,
South and Islands). In the case of women, the relationship between retirement trajecto-
ries and post-retirement mortality di ers along both the occupational and geographical
dimension. Column 3 in Table 1.6 shows that holding a white-collar background (but
not a managerial one) mitigates the adverse consequences of going through trajectories
deviating from full-time employment as compared to holding a blue-collar background.
For instance, white-collar women who go through prolonged unemployment prior to re-
tirement have a 15.5% (1.228*1.189*0.791) higher mortality risk compared to blue-collar
women in full-time employment (i.e. the reference group). In contrast, blue-collar women
who go through prolonged unemployment prior to retirement have a 22.8% higher mor-

tality risk compared to blue-collar women in full-time employment. Likewise, white-collar

35



and blue-collar women who transition from full-time employment to unemployment not
covered by allowances prior to retirement have a post-retirement mortality risk which
is, respectively, 7.4% (1.143*1.189*0.689) lower and 14.3% higher compared to women
with a blue-collar background in full-time employment. A possible interpretation of these
ndings is that while for white-collar women leaving full-time employment prior to retire-
ment could be a personal choice, for women with a blue-collar background it could be the
result of involuntary circumstances. Finally, Column 5 documents that also in the case
of women prolonged unemployment prior to retirement scars more in the North, where

this trajectory is less common compared to other areas of the country.

1.6 Sensitivity analyses

| corroborate results from survival analysis through a series of robustness checks. Col-
umn 1 of Table 1.7 and Table 1.8 reports results from complementary log-log regres-
sion where | include a set of dummies for cohort- and sex-speci ¢ quintiles of average
in ation-adjusted gross income in the ten years prior to retirement, observable in the
Estratti Conto, in addition to the full set of baseline controls, for men and women re-
spectively. Although average gross income in the decade prior to retirement might be
endogenous to the type of late-career employment trajectory, it serves as a proxy for
life-time income and socio-economic status, which may plausibly correlate with both re-
tirement trajectories and health. Results for both men and women are qualitatively and
guantitatively robust to the inclusion of these new variables. It is worth stressing that
in the case of men there is an inverse, albeit not perfectly linear, relationship between
income quintile and mortality. This relationship does not hold, instead, in the case of
women. In fact, women with higher income are exposed to higher mortality risk than
women at the bottom of the income distribution, consistently with evidence of inverse

socio-economic gradient reported in previous studies focusing on Italian women (Costa
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et al. 2017)% It should also be noted, though, that pre-retirement average gross income
could also be interpreted as a mediating factor. Under this interpretation, results sug-
gest that employment instability relates to post-retirement mortality through channels
other than income dynamics. Columns 2 to 6 of Table 1.7 and Table 1.8 report results
from speci cations where, in addition to full baseline controls, | control also for the total
number of transitions across employment states in the decade prior to retirement, the
number of transitions to unemployment with and without unemployment allowances, and
the number of yearly spells spent into unemployment, with and without unemployment
allowances. The purpose of these additional speci cations is to assess whether retirement
trajectories matter on top of the simple characterization of single (un)employment events.
Overall, results for both men and women are robust to these checks. The only exception
is that of the retirement trajectory characterized by transition from full-time employment

to unemployment covered by unemployment allowances: when controlling for the number
of spells spent into unemployment covered by unemployment allowances, its association
with post-retirement male mortality risk loses statistical signi cance (Table 1.7, Column
5). However, it is worth stressing that these results should be interpreted cautiously as

these controls are part of the de nition of late-career employment trajectories themselves.

Table 1.9 displays the results of a model where | interact clusters for ideal-type late-career
trajectories with a dummy taking value 1 if the individual receives pension allowances
related to physical or mental health impairment* The purpose of this model is to further
examine the interplay between health selection and employment trajectories. Speci cally,
this model allows to test whether individuals who deviate from full-time employment tra-
jectories are exposed to higher post-retirement mortality rate even if they do not receive
any allowance related to physical or mental health impairment, i.e. they are presumably

in good health, upon retirement. Results suggest that, indeed, healthy individuals who

23 Another explanation could be that women's own income is not a good proxy of socio-economic status,
which might be better measured through household overall income.

24 As explained in Appendix A.1, such pension allowances include disability pension bene ts, indemnity
pension bene ts and social pension bene ts.
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go through trajectories marked by deviations from full-time employment face higher post-
retirement mortality compared to healthy individuals in the full-time employment cluster,

in the case of both men and women. Results suggest also that health issues, proxied by
the reception of health-related pension allowances, magnify the post-retirement mortality
risk of going through trajectories deviating from full-time employment in the case of men,

but not in the case of women.

Finally, | carry out sequence and cluster analysis using semesters (six-months periods),
rather than years, as time unit for identifying employment trajectories. These additional
analyses are meant to alleviate concerns that coding yearly spells with the prevalent
employment status over any given year may mask important heterogeneities in late-
career employment patterns. While the semester-based approach is still ignoring some
heterogeneity, since individuals experiencing multiple employment states over a given
semester are assigned to the state lasting longer in that semester, such issue should be
less serious than in the year-based approach. | compare the semester-based approach
with the baseline one by looking at the adequacy of di erent cluster solutions, clusters'
composition and cluster assignment, as well as the results from survival analysis where
semester-based clusters are the predictors of interest. Overall, as further documented in

Appendix A.4, the semester- and year-based approach yield similar results.

1.7 Discussion

The relationship between employment and retirement in advanced economies has deeply
changed in the last decades. The old life-course paradigm of smooth transition from paid
work to pension income has given way to late-career trajectories which have become dif-
ferentiated and de-standardized. Scholars have started to investigate the socio-economic
consequences of these changing patterns, whereby senior workers experience di erent em-
ployment conditions, along heterogeneous paths. Still, while there is already evidence

that heterogeneity of retirement patterns may have important implications on income
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inequality of older people, little attention has been paid to the implications that these
very same patterns may have on health inequality, and in particular on mortality and
survival chances to old age. This work, examining the relationship between late-career
employment trajectories and post-retirement mortality for a large sample of Italian re-

tirees formerly employed in the private sector, is a rst attempt to address this gap.

The main ndings suggest that late-career trajectories marked by periods of unemploy-
ment, especially if prolonged and not covered by social allowances, are related to lower
post-retirement survival chances, such relationship being mildly stronger for men as com-
pared to women. Heterogeneity analysis further suggests that the scarring e ect of pro-
longed unemployment for senior workers in Italy are particularly accentuated for individ-
uals belonging to disadvantaged occupational categories, at least in the case of women.
For disadvantaged women, prolonged unemployment in later life could be particularly
harmful as it may add to the consequences of weak labor market attachment over the life
course, jeopardizing their ability to secure adequate retirement income in old age, which
ultimately impinges on health and survival chances (Leombruni et al. 2010). Heterogene-
ity analysis suggests also that the scarring e ect of prolonged unemployment in later life
is particularly harmful in areas where deviations from full-time employment trajectories
are less frequent. This result speaks to studies bringing evidence on unemployment hav-
ing greater detrimental e ect on well-being the less there is of it around (Clark 2003).
Previous works suggest that, in general, mechanisms through which employment instabil-
ity may channel into higher post-retirement mortality risk could be multiple (Benach et

al. 2015), including exposure to unhealthy working conditions over the life course (Quin-
lan et al. 2001), psycho-social stress (Muntaner et al. 2010), and material deprivation
(Siegrist & Theorell 2006). Lack of information in INPS data does not allow, though, to

directly test the role of such alternative channels.

While referring to a speci ¢ empirical context, the results of this work could be of inter-

est for countries facing the challenge of stretching the length of working life to alleviate
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the pressures of increased longevity on their social security systems. First of all, they
highlight the importance of policies aimed at improving the employment opportunities of
displaced senior workers, and at ensuring adequate welfare assistance in case of prolonged
unemployment. They also point at the need for policy solutions providing alternatives
other than stepping out of the labor market before meeting pension requirements to senior
workers who may struggle with full-time employment commitments. More speci cally,
they call for life-course-oriented labor market policies whereby workloads can be cali-
brated to life-phase-speci c skills, abilities and needs. Facilitating shorter working hours,
for instance, may not only encourage people to keep on working, but may actually enable
them to do so (Eurofound 2016). While part-time work has been historically less com-
mon in Italy than in other European countries, the incidence of late-career trajectories
marked by part-time employment among Italian senior workers has been increasing over
time, especially among women. Reassuringly, | nd that, after adjusting for potential
confounders, late-career trajectories characterized by part-time employment are not sig-
ni cantly associated to higher post-retirement mortality risk compared to trajectories in
full-time employment. This aspect is particularly relevant for senior female workers who
may opt for part-time work to deal with caring commitments in a context where caring
responsibilities, particularly towards the elderly, continue to re ect a gendered division

of labor (Saraceno 2018).

Some caveats and limitations apply. First of all, lack of information concerning rele-
vant socio-economic characteristics, such as education or marital/family status, limits
the room for controlling for potential confounders. Failure to control for the unobserved
factors could be problematic to the extent they a ect both employment trajectories and
post-retirement mortality outcomes, as this may lead to biased coe cient estimates. In
addition, although | try to attenuate reverse causality concerns by dropping individu-
als who experience prolonged sickness- or injury-related leaves in any of the ten years

prior to retirement and by controlling for the reception of pension bene ts related to

40



mental and physical impairment, health selection dynamics might still be at work. In
particular, it is possible that individuals experiencing trajectories deviating from full-
time employment choose so because they are unable to take on full-time employment
commitments for health reasons. If this were the case, such individuals would be selec-
tively less healthy, facing worse survival prospects after retirement. More in general, the
empirical strategy | adopt does not allow to rule out endogeneity concerns completely.
For this reason, the results cannot and should not be read in terms of causality. Sec-
ond, lack of detailed information about individual lifestyle habits, post-retirement health
and nancial conditions reduces the scope for uncovering mechanisms whereby speci c
employment trajectories channel into lower survival. It is possible, for instance, that tra-
jectories deviating from full-time employment, particularly if they materialize in the form

of prolonged unemployment, are more likely conducive to old-age poverty, social isolation,
and unhealthy behaviors, which may translate into higher post-retirement mortality risk.
Third, post-retirement survival analysis is carried out on a relatively limited timespan.
For this reason, the analysis may not fully capture the extent to which employment in-
stability relates to survival chances in the long-term. This is particularly relevant for
gender comparison as women tend to live longer than men. As such, the consequences
of employment instability for the former may materialize later on over the life course as
compared to the latter. Fourth, the analysis is based on a sample which is representative
of individuals formerly, and formally, employed in the private sector in Italy, which limits

the generalizability of results to the Italian population as a whole.

Despite its limitations, this study presents also a number of strengths. First, it uses ideal-
type late-career trajectories, identi ed through sequence and cluster analysis, rather than
individual features determining such trajectories (such as the number and duration of un-
employment spells), to explain di erences in post-retirement mortality risk. In doing so,
it tackles a limitation of most existing works which investigate the relationship between

health and labor market events overlooking the dynamic nature of the latter. Second, it
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makes use of longitudinal register data to track employment patterns. Di erently from
survey data asking for retrospective information, register data are not a ected by recall
bias. As such, they ensure greater reliability and precision in the reconstruction of em-
ployment trajectories. Moreover, the data used in this work allow to exploit information,
such as the reception of unemployment bene ts and allowances alike, which add to the
completeness of employment biographies, but which are rarely accounted for by studies
of this type. Third, while most existing studies employ subjective measures of health and
well-being, | adopt an objective measure of health, i.e. mortality, which is not exposed
to self-reporting issues. Future research may seek to provide further insights by means of
more ne-grained analyses. For instance, one may account also for transitions into lower
paid or lower status jobs. Information about previous rm type (e.g. small-medium vs
large-sized) or industry of employment could also be used to build more accurate measures
of occupational history, and allow for better investigation of drivers and consequences of

late-career employment trajectories.
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Tables

Table 1.1: Descriptive statistics - INPS LoSai sample

All Men Women

Mean Sd Min Max [Mean Sd Min Max |[Mean Sd Min Max
Year of birth 1946.7 4.7 1931.0 1966.,0946.4 5.0 1931.0 1966(0947.2 4.2 1931.0 1965.0
Retirement age 595 3.7 510 70.0 59.7 4.1 510 70.00 59.2 2.7 51.0 70.0
Age at rst job 179 35 120 30.0| 180 34 120 30.0/ 178 3.6 120 30.0
Work after retirement (%) 19.3 395 0.0 100.0] 22.7 419 0.0 100.0 13.0 33.7 0.0 100.0
Macro-region of residence (%)
North-East 20.1 40.1 0.0 100.9 185 388 0.0 100.0 23.2 422 0.0 100.0
North-West 319 46.6 0.0 100.0 30.8 46.2 0.0 100.0 33.8 47.3 0.0 100.0
Centre 185 388 0.0 100.0 18.2 38.6 0.0 100.0 19.0 39.3 0.0 100.0
South 199 399 00 100.0 21.2 409 0.0 100.0 17,5 38.0 0.0 100.0
Islands 96 295 0.0 100.0 11.3 31.7 0.0 100.0 6.5 24.6 0.0 100.0
Prevalent occupation (%)
Blue-collar 68.0 46.7 0.0 100.0 70.8 455 0.0 100.0 62.8 48.3 0.0 100.0
White-collar 30.0 458 0.0 100.0 26.7 442 0.0 100.0 36.2 48.0 0.0 100.0
Manager 20 141 00 100.0 26 158 0.0 1000 1.0 101 0.0 100.0
Reception of pension bene ts (%)
Disability pension 42 201 0.0 100Q 45 206 0.0 100Q 3.8 192 0.0 100.0
Survivor pension 34 182 0.0 100.0 1.2 10.8 0.0 100Q 7.6 265 0.0 100.0
Indemnity pension 29 169 00 100.0 42 200 0.0 1000 06 79 0.0 100.0
Social pension 1.3 114 00 100015 123 0.0 100.0 0.9 95 0.0 100.0

Notes. Work after retirement measures whether the individual records any employment spell after retirement. North-East, North-West,
Centre, South and Islands are dummies for the macro-region of residence as of 2018 or as of the year of death, if this occurs earlier. Blue-
collar, white-collar and manager are dummies for the prevalent occupational status observed in the Estratti Conto dataset over entire
working life. Disability pension, Survivor pension, Indemnity Pension and Social pension are dummies measuring whether individuals
receives these types of pension bene ts (see Appendix A.1) prior to retirement.
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Table 1.2: Steps in sample construction

Men

Women

Tot

Initial sample (unique individuals, N)

302,794 198,426 501,220

Excluded N with most of contributions not to FPLD 100,456 50,685 151,141
Excluded N with no contributory spells in 10 yrs before retirement 47,429 64,552 111,981
Excluded N who retire before 50 or after 70 2,485 768 3,253
Excluded N reporting sickness/injury in 10 years before retirement 936 921 1,857
Excluded N who appear in theEstratti Conto age< 12 or age> 30 4,510 3980 8,490
Final sample 146,978 77,520 224,498
Notes. FPLD ( Fondo Pensione Lavoratori Dipendenti ) is the INPS-managed pension scheme of private employees.
Table 1.3: Cluster distribution by macro-region and gender
Men
Cluster North-East North-West Centre  South Islands  Total
Self-emplovment 2535 3932 1946 1208 822 10443
ploy (9.1%)  (8.7%)  (7.4%) (3.9%) (4.9%) (7.1%)
Eull-time emplovment 19314 30443 16731 14645 7634 88767
. 0 . 0 . 0 . 0 . 0 . 0
ploy 69.6% 67.2%) (63.5%) (47.7%) (45.2%) (60.4%
Part-time emplovment 212 331 262 415 128 1348
. 0 . 0 . 0 . 0 . 0 . 0
ploy (0.8%) (0.7%)  (1.0%) (1.4%) (0.8%) (0.9%)
Unemplovment without bene ts 2293 3074 2762 7758 4981 20868
ploy (8.3%)  (6.8%) (10.5%) (25.3%) (29.5%) (14.2%)
Full-time empl./Unempl. without bene ts 1401 2373 1889 2731 1451 9845
Pl Pl (5.0%)  (5.2%) (7.2%) (8.9%) (8.6%) (6.7%)
Full-time empl./Unempl. with bene ts 1999 5122 2773 3951 1862 15707
. 0 . (1] . 0 . 0 . 0 . 0
Pl Pl (7.2%)  (11.3%) (10.5%) (12.9%) (11.0%) (10.7%)
Total 27754 45275 26363 30708 16878 146978
(100.0%)  (100.0%) (100.0%) (100.0%) (100.0%) (100.0%)
Women
Self-emplovment 1271 1961 863 369 197 4661
ploy (6.9%)  (7.4%) (5.8%) (2.9%) (4.1%) (6.0%)
Full-time emplovment 7791 11987 6476 2223 1438 29915
. 0 . 0 . (1] . 0 . 0 . 0
ploy (42.0%)  (45.0%) (43.7%) (17.5%) (29.6%) (38.6%)
Part-time emplovment 3084 3806 1992 639 412 9933
ploy (16.6%)  (14.3%) (13.5%) (5.0%) (8.5%) (12.8%)
Unemplovment without bene ts 3778 4072 2982 7613 2176 20621
ploy (20.4%)  (15.3%) (20.1%) (60.0%) (44.8%) (26.6%)
Full-time empl./Unempl. without bene ts 1015 1494 956 551 230 4246
. 0 . 0 . 0 . 0 . 0 . 0
Pl Pl (55%)  (5.6%) (6.5%) (4.3%) (4.7%) (5.5%)
Full-time empl./Unempl. with bene ts 1067 2611 1116 1176 317 6287
. 0 . 0 . 0 . 0 . 0 . 0
Pl Pl 5.8% 9.8% 7.5%) (9.3%) (6.5%) (8.1%
Full-time/Part-time employment 540 700 418 108 91 1857
. 0 . 0 . 0 . 0 . 0 . 0
ploy (2.9%) (2.6%)  (2.8%) (0.9%) (1.9%) (2.4%)
Total 18546 26631 14803 12679 4861 77520
(100.0%)  (100.0%) (100.0%) (100.0%) (100.0%) (100.0%)

Notes. The macro-region Islands include the Sicily and Sardinia regions.
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Table 1.4: Post-retirement mortality and ideal-type late career trajectories

Men
1) 2 3)

Death Model 1  Model 2 Model 3
Cluster (Ref: Full-time employment)
Self-employment 1.122%*  1.086** 1.095**

(0.034) (0.034) (0.034)
Part-time employment 1.546*** 1.180Y 1.155

(0.137) (0.105) (0.103)
Unemployment w/o bene ts 1.498***  1.246***  1,134***

(0.032) (0.028) (0.027)
Full-time empl./Unempl. w/o benets  1.502**  1.269*** 1.080*

(0.043) (0.037) (0.033)
Full-time empl./Unempl. with benets 1.111**  1.088** 1.099**

(0.034) (0.034) (0.034)

Year of birth 0.927**  0.979**  (0.973***
(0.002) (0.002) (0.002)

Age at rst job 0.984***  (0.985***
(0.003) (0.003)
Retirement age 1.101**  1.087***
(0.003) (0.004)

Work after retirement 0.592***  (0.612***

(0.013) (0.014)
Occupational status (ref: Blue-collar)

Manager 0.750***  0.789***
(0.042) (0.045)
White-collar 0.810***  (0.845***

(0.017) (0.018)
Macro-region (ref: Centre)

North-East 1.072** 1.083**
(0.028) (0.029)
North-West 0.997 1.011
(0.024) (0.024)
South 0.884***  0.864***
(0.022) (0.021)
Islands 0.844*+*  (0.845%**
(0.025) (0.025)
Invalidity pension 1.924%**
(0.053)
Survivor pension 1.309***
(0.083)
Indemnity pension 1.074
(0.042)
Social pension 2.211%**
(0.098)
# of weeks in sickness/injury leave 0.998
(0.002)
# of sickness/injury leave episodes 1.010
(0.005)
Observations 1,431,429 1,431,429 1,431,429
Deaths 16,458 16,458 16,458

Notes. Results from complementary log-log models. All models include 18
duration dummies (baseline hazard). Coe cients are expressed in the expo-
nentiated form (hazard ratios). Robust standard error in parentheses.

*** n <0.001, ** p<0.01, * p<0.05,Y p<0.1.
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Table 1.5: Post-retirement mortality and ideal-type late career trajectories
Women

(1) (2 ©))
Model 1 Model 2 Model 3

Cluster (Ref: Full-time employment)

Self-employment 1.176* 1.209**  1.210**
(0.080) (0.083) (0.083)
Part-time employment 1.101 1.017 0.992
(0.064) (0.060) (0.059)
Unemployment w/o bene ts 1.288***  1.215%*  1.122**
(0.052) (0.052) (0.049)
Full-time/Part-time employment 1.225Y 1.174 1.118

(0.131) (0.126) (0.120)
Full-time empl./Unempl. w/o benets  1.202** 1.1277Y 1.007

(0.085) (0.080) (0.072)
Full-time empl./Unempl. with bene ts 1.116 1.153* 1.185*

(0.077) (0.081) (0.084)

Year of birth 0.966*** 0.997 0.992
(0.005) (0.005) (0.005)

Age at rst job 1.010* 1.008Y
(0.005) (0.005)
Retirement age 1.089***  1.082***
(0.009) (0.009)

Work after retirement 0.644**  0.668***

(0.037) (0.038)
Occupational status (Ref: Blue-collar)

Manager 0.766 0.781
(0.135) (0.137)
White-collar 0.983 1.008

(0.035) (0.036)
Macroregion (Ref: Centre)

North-East 1.033 1.056
(0.052) (0.054)
North-West 1.109* 1.141*
(0.052) (0.053)
South 0.958 0.915
(0.053) (0.053)
Islands 1.021 1.003
(0.073) (0.073)
Disability pension 2.665***
(0.157)
Survivor pension 1.109
(0.066)
Indemnity pension 0.899
(0.202)
Social pension 5.219%**
(0.437)
# of weeks in sickness/injury leave 0.994*
(0.003)
# of sickness/injury leave episodes 1.008
(0.008)
Observations 775,508 775,508 775,508
Deaths 3,921 3,921 3,921

Notes. Results from complementary log-log models. All models include 18 duration
dummies (baseline hazard). Coe cients are expressed in the exponentiated form (hazard
ratios). Robust standard error in parentheses. *** p <0.001, ** p<0.01, * p<0.05, Y
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Table 1.6:

Heterogeneity analysis

(@) @ ® 4)
Men Men Women Women
Self-employment 1.066Y 1.097* 1.362%** 1.160
(0.037) (0.052) (0.1112) (0.144)
Part-time employment 1.167 1.088 1.108 0.939
(0.112) (0.132) (0.081) (0.100)
Unemployment w/o bene ts 1.117%* 1.051 VY 1.228*** 1.038
(0.028) (0.028) (0.065) (0.063)
Full-time empl./Unempl. w/o bene ts 1.060 Y 1.026 1.143 0.949
(0.037) (0.039) (0.099) (0.109)
Full-time empl./Unempl. with bene ts 1.093* 1.117* 1.293** 1.238*
(0.040) (0.044) (0.115) (0.131)
Full-time empl./Part-time empl. 1.231 1.319
(0.156) (0.226)
White collar 0.824*** 1.189**
(0.022) (0.070)
Manager 0.738*** 0.905
(0.056) (0.276)
Self-employment x Manager 1.175 0.625
(0.221) (0.369)
Part-time employment x Manager 1.324 0.462
(1.340) (0.484)
Unemployment w/o bene ts x Manager 1.284 VY 0.876
(0.181) (0.368)
Full-time empl./Unempl. w/o bene ts x Manager 0.994 1.470
(0.199) (0.867)
Full-time empl./Unempl. with bene ts x Manager 0.960 0.693
(0.314) (0.727)
Full-time empl./Part-time empl. x Manager -
Self-employment x White-collar 1.121 0.723*
(0.085) (0.116)
Part-time employment x White-collar 0.878 0.754*
(0.236) (0.096)
Unemployment w/o bene ts x White-collar 1.048 0.791**
(0.058) (0.067)
Full-time empl./Unempl. w/o bene ts x White-collar 1.083 0.689*
(0.076) (0.109)
Full-time empl./Unempl. with bene ts x White-collar 1.022 0.816
(0.070) (0.117)
Full-time empl./Part-time empl. x White-collar 0.799
(0.192)
North 1.094*** 1.086
(0.025) (0.066)
Self-employment x North 1.013 1.069
(0.061) (0.158)
Part-time employment x North 1.145 1.084
(0.204) (0.138)
Unemployment w/o bene ts x North 1.208*** 1.130
(0.052) (0.093)
Full-time empl./Unempl. w/o bene ts x North 1.129* 1.097
(0.066) (0.159)
Full-time empl./Unempl. with bene ts x North 0.908 0.909
(0.058) (0.127)
Full-time empl./Part-time empl. x North 0.773
(0.169)
Observations 1,431,429 1,431,429 775,508 775,508
Deaths 16,458 16,458 3,921 3,921

Notes. Results from complementary log-log models. Dependent variable: death occurrence (0,1). Coef-
cients are expressed in the exponentiated form (hazard ratios). Robust standard error in parentheses.
All models control for year at birth, age at rst job, retirement age, work after retirement, reception of
disability, survivors', indemnity, and social pension bene ts, # of full weeks in sickness/injury leave in ten
years prior to retirement, # of sickness/injury leave episodes in ten years prior to retirement. All models
include 18 duration dummies (baseline hazard). Columns 1 and 4 include controls for macro-region of
residence. Columns 2 and 4 include controls for occupational status.

*** n <0.001, * p<0.01, * p<0.05,Y p<0.1.
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Table 1.7:

Robustness checks - Men

(1) (2 ©)) (4) ) (6)
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

Cluster (Ref: Full-time employment)
Self-employment

Part-time employment
Unemployment w/o bene ts
Full-time empl./Unempl. w/o bene ts

Full-time empl./Unempl. With bene ts

1.078* 1.091* 1.096* 1.098* 1.096** 1.091*
(0.034) (0.034) (0.034) (0.035) (0.034) (0.034)
1.125  1.155 1155  1.154 1153  1.147
(0.101) (0.103) (0.103) (0.103) (0.103) (0.103)
1.131%% 1.130%* 1.135%* 1.155% 1.134%* 1 133+
(0.031) (0.027) (0.027) (0.055) (0.027) (0.026)
1.075* 1.067* 1.078* 1.089* 1.077* 1.067*
(0.033) (0.035) (0.033) (0.039) (0.033) (0.033)
1.110%* 1.099** 1.088* 1.099* 1.070  1.087**
(0.034) (0.034) (0.039) (0.034) (0.046) (0.034)

Pre-retirement income quintile (Ref: Bottom)

2nd quintile
3rd quintile
4th quintile
Top quintile
# trans. to Unempl. w/o bene ts
# trans. to Unempl. with bene ts
# spells in Unempl. w/o bene ts
# spells in Unempl. w/o bene ts

# total transitions

Observations
Deaths

1.064*
(0.031)
1.074*
(0.032)
0.965
(0.031)
0.867++
(0.031)
1.014
(0.015)
1.012
(0.021)
0.998
(0.006)
1.008
(0.009)
1.012
(0.007)

1,431,429 1,431,429 1,431,429 1,431,429 1,431,429 1,431,429

16,458 16,458 16,458 16,458 16,458 16,458

Notes. Results from complementary log-log models. Dependent variable: death occurrence (0,1). Coe cients are expressed
in the exponentiated form (hazard ratios). Robust standard error in parentheses. All models controls for year of birth, age at
rst job, age at retirement, post-retirement employment, prevalent occupational category, macro-region of residence, reception
of disability, indemnity, social and survivors' pension bene ts prior to retirement, # of full weeks in sickness/injury leave in
ten years prior to retirement, # of sickness/injury leave episodes in ten years prior to retirement. All models include also 18

duration dummies (baseline hazard).
*** p <0.001, ** p<0.01, * p<0.05, Y p<O0.1.
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Table 1.8:

Robustness checks - Women

1) () 3)

(4) ®) (6)

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

Cluster (Ref: Full-time employment)
Self-employment

Part-time employment
Unemployment w/o bene ts
Full-time/Part-time employment
Full-time empl./Unempl. w/o bene ts

Full-time empl./Unempl. with bene ts

1.200* 1.176*
(0.085) (0.083) (0.084)
1.001 0.986 0.992
(0.063) (0.058) (0.059)
1.188** 1.097* 1.122*
(0.063) (0.050) (0.049)
1120 1.107 1.117
(0.121) (0.119) (0.120)
1.011 0955 1.005
(0.073) (0.074) (0.073)
1.184* 1.177% 1.177*
(0.084) (0.083) (0.095)

Pre-retirement income quintile (Ref: Bottom quintile)

2nd quintile

3rd quintile= 3

4th quintile= 4

Top quintile= 5

# trans. to Unempl. w/o bene ts
# trans. to Unempl. with bene ts
# spells in Unempl. w/o bene ts
# spells in Unempl. with bene ts
# total transitions

Observations
Deaths

1.108
(0.061)
1.163*
(0.072)
1.108
(0.070)
1.150*
(0.078)
1.057
(0.033)
1.008
(0.044)

775,508 775,508 775,508 775,508 775,508 775,508
3,921

3,921 3,921

1.211**

1.184*

1.185% 1.211%** 1.192*
(0.087) (0.084) (0.083)
0.987 0.991 0.983
(0.059) (0.059) (0.058)
1.038 1.121* 1.114*
(0.104) (0.049) (0.049)
1.115 1.116 1.085
(0.119) (0.120) (0.118)
0.975 1.003 0.979
(0.079) (0.073) (0.073)
1.152  1.157*
(0.083) (0.106) (0.084)

1.010
(0.011)

1.008
(0.017)
1.022
(0.015)
3,921

3,921 3,921

Notes. Results from complementary log-log models. Dependent variable: death occurrence (0,1). Coe cients are expressed
in the exponentiated form (hazard ratios). Robust standard error in parentheses.All models controls for year of birth, age at
rst job, age at retirement, post-retirement employment, prevalent occupational category, macro-region of residence, reception
of disability, indemnity, social and survivors' pension bene ts prior to retirement, # of full weeks in sickness/injury leave in ten
years prior to retirement, # of sickness/injury leave episodes in ten years prior to retirement. All models include also 18 duration

dummies (baseline hazard).
*** p <0.001, ** p<0.01, * p<0.05,Y p<O0.1.
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Table 1.9: Robustness checks - health selection

(1) 2)
Death Men Women
Self-employment 1.075* 1.222**
(0.035) (0.087)
Part-time employment 1.155 1.009
(0.116) (0.063)
Unempl. w/o bene ts 1.152%**  1,169***
(0.030) (0.053)
Full-time empl./unempl. w/o bene ts 1.090* 1.059
(0.040) (0.083)
Full-time empl./Junempl. with bene ts 1.088** 1.156*
(0.036) (0.085)
Full-time/Part-time empl. 1.069
(0.127)
Pension health 1.477%*  3.214**
(0.052) (0.330)
Self-employment x Pension health 1.218* 0.910
(0.110) (0.236)
Parti-time empl. x Pension health 1.124 0.867
(0.246) (0.167)
Unempl. w/o bene ts x Pension health 1.173* 0.825

(0.058) (0.101)
Full-time empl./Junempl. w/o bene ts x Pension health 1.198** 0.727Y
(0.075) (0.137)

Full-time empl./Junempl. with bene ts x Pension health 1.089 1.112
(0.109) (0.269)

Full-time/Part-time empl. x Pension health 1.223
(0.345)

Year of birth 0.976*** 0.994
(0.002) (0.005)

Age rst job 0.986*** 1.008Y
(0.003) (0.005)
Retirement age 1.093***  1,081***
(0.003) (0.009)

Work after retirement 0.606***  0.664***
(0.014) (0.038)

Survivor pension 1.299*** 1.108

(0.082) (0.065)
Occupational status (ref: Blue-collar)

White-collar 0.846*** 1.007
(0.018) (0.036)
Manager 0.789*** 0.777

(0.045) (0.137)
Macro-region of residence (ref: Centre)

North-East 1.089** 1.048
(0.029) (0.053)
North-West 1.018 1.143*
(0.024) (0.054)
South 0.875*** 0.893*
(0.021) (0.050)
Islands 0.853*** 0.999
(0.025) (0.072)
Observations 1,431,429 775,508
Deaths 16,458 3,921

Notes. Results from complementary log-log models. Dependent variable: death occurrence (0,1).
Coe cients are expressed in the exponentiated form (hazard ratios). Robust standard error in
parentheses. Pension health is a dummy taking value 1 if the individual is a recipient of disability
pension bene ts, indemnity pension bene ts or social pension bene ts. A detailed description of
these pension bene ts is provided in Appendix A.1. All models include also 18 duration dummies
(baseline hazard).

***p <0.001, * p<0.01, *p<0.05,Y p<0.1. 5O



Figures

Figure 1.1: Distribution of employment statuses
Ten years prior to retirement

Notes. The horizontal axis measures time to retirement (years). The vertical axis measures the proportion
of retirees in each retirement year falling in each employment state. Own elaboration based on INPS
LoSai sample.
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Figure 1.2: Individual late-career sequences grouped by ideal-type employment trajectories

(&) Men

(b) Women

Notes. The horizontal axis measures the time to retirement (years). For each cluster, 1000 representative sequences ordered
based on the distance from the most frequent sequence in e& cluster are shown. Own elaboration based on INPS LoSai
sample.



Figure 1.3: Proportion of ideal-type employment trajectories by retirement year

Notes. The horizontal axis measures the retirement (calendar) year. The vertical axis measures the proportion of retirees
in each retirement year falling in the identi ed clusters.
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Chapter 2

Inequalities in mortality by lifetime speci ¢ occupation among
Italian retirees, 2010-2019

2.1 Introduction

Longevity in low mortality countries is highly stratied by socio-economic character-
istics. Regardless of how one measures socio-economic status, whether by education,
income or occupational class, life expectancy tends to be shorter as one moves down
the socio-economic ladder (Mackenbach et al. 2019; Marmot 2005; Wilkinson & Mar-
mot 2003). While correlated, though, education, income and occupation cannot be used
interchangeably. Indeed, if education predicts the ability of turning information into be-
havioural choices and income proxies the availability of material resources, occupation is
more suited to measure social prestige and job control, and to account for exposure to
work-speci c risks and bene ts over one's working life (Cambois et al. 2020; Geyer 2006).
Recent research e orts have focused mostly on longevity di erentials by income and ed-
ucation, pointing at widening lifespan inequalities along both dimensions in a number of
OECD countries (Auerbach et al. 2017; Permanyer et al. 2018; Sasson 2016). Instead, in-

terest in disparities in mortality by occupational class has markedly declined (Katikireddi

1This chapter is the result of a joint work with S. Ghislandi. We are thankful to F.C. Billari and to
participants to the VisitINPS seminars for useful comments and suggestions. Access to administrative
data was kindly granted by the Italian Social Security Institute as part of the VisitINPS Scholar Program.
The opinions expressed in this study are those of the authors. They do not purport to re ect the opinions
or views of the Italian Social Security Institute or its members.
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et al. 2017).

From a policy perspective, though, tracking di erences in mortality across occupational
groups is highly relevant for setting key programs, ranging from targeted health pre-
vention interventions to equitable retirement policies. For these purposes, detailed and
timely assessments of mortality by occupation are needed. With few exceptions (Johnson
et al. 1999; Katikireddi et al. 2017), studies from most countries focus on few, broad oc-
cupational classes de ned over the manual-non manual spectrum. By lumping together
rather heterogenous categories, this big-class approach limits the room for assessing health
inequalities emerging around speci ¢ occupations (Weeden & Grusky 2012). Moreover,
available studies on mortality di erentials across occupational groups are mostly based on
mortality observed among working-age individuals. While crucial for detecting patterns
of premature mortality, focusing on working-age populations does not allow to quantify
di erences in mortality at older ages associated to speci ¢ occupational backgrounds.
This kind of information is paramount, for instance, to inform policies which aim at bal-
ancing the need for raising statutory retirement age with that of ensuring early retirement

options for vulnerable categories of workers.

Building on these considerations, in this study we investigate mortality patterns among
Italian retirees aged 65-74 by former (lifetime) occupation, de ned on the basis of a highly
detailed taxonomy encompassing more than thirty occupational categories. For a thor-
ough assessment of the implications of such patterns, we also project life expectancy at
65 for each occupational category. To the best of our knowledge, this study represents the
rst attempt to explore post-retirement mortality patterns and estimate life expectancy
around retirement age by speci c lifetime occupation in Italy, and in a low mortality
country in general. Previous studies based on broad occupational groups nd that lifes-
pan inequalities in Italy are relatively limited when compared to other low-mortality
countries (Lallo & Raitano 2018; Leombruni et al. 2015). Italy thus represents an inter-

esting setting for assessing how much insight about the longevity distribution along the
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occupational dimension can be gained through detailed mortality analyses across speci c

occupational groups.

2.2 Background

As recurrently documented across a number of countries, individuals belonging to upper
non-manual and high-skilled occupational groups tend to live longer than individuals be-
longing to lower manual and low-skilled occupational groups (Mackenbach et al. 2019; van
Raalte et al. 2014). Generally, this kind of evidence comes from studies which classify oc-
cupations on a broadly de ned basis, with typically less than eight categories (Tanaka et
al. 2019). Mortality analyses by speci c occupation are rare. A couple of exceptions stand
out. In a seminal study based on data from the U.S. National Longitudinal Mortality
Study, Johnson et al. (1999) estimate relative all-cause mortality risks among individ-
uals aged 20-64 using a detailed occupational taxonomy, documenting the existence of
sizeable heterogeneities in mortality beyond those accounted for by social status, income
and education. As suggested by their analysis, high-risk speci ¢ occupations include taxi
drivers, cooks, and transportation operatives, while low-risk occupations encompass pro-
fessionals such as lawyers, natural scientists, teachers, engineers, but also farmers. In a
more recent work, Katikireddi et al. (2017) analyse patterns of all-cause mortality in the
UK among working age-individuals (20-59) across more than sixty occupations based on
linked census and mortality records spanning years 1991-2011. They nd occupation-
speci ¢ mortality rates to di er by more than three times between the lowest and highest
observed rates in both men and women, excess mortality being concentrated among low-
skilled manual occupations such as elementary construction, housekeeping and factory

workers.

In Italy, a few studies have investigated the relationship between occupational class,

broadly de ned, and mortality. Linking 2011 census data with mortality records over
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2012-2014, Bertuccio et al. (2018) estimate all-cause and cause-speci ¢ mortality rates by
occupation-based social class in the Italian working-age population (20-64) using the Erik-
son Goldthorpe class schemes whereby occupations are classi ed into 7 categdrigbeir
analysis documents the existence of substantial heterogeneities among males, mortality
for a large number of causes being higher among non-skilled manual workers. Instead,
they nd limited di erences in mortality among working-age women, which are entirely
accounted for by adjustments for education. These patterns are consistent with those
documented by Leombruni et al. (2015), who nd a clear gendered occupational gradient
in post-retirement mortality among individuals formerly employed in the private sector,
based on four occupational groups (blue-collar workers, white-collar workers, managers,
self-employed). Using social security data spanning years 1974-2012, they estimate a gap
of about 1.8 years in residual life expectancy at 65 between former blue-collar workers and
managers in the case of men, but no tangible di erences in the case of women. In a similar
vein, Lallo & Raitano (2018) combine social security data with survey data from the Ital-
ian 2005 EU-SILC module to estimate life expectancy at 60 by macro-occupational class
(employees, self-employed, farmers), adjusted for possible confounders such as education
and household economic conditions. Their estimates, based on a mortality follow-up
spanning years 2005 through 2009, document a di erence of 5 years in remaining life
expectancy at 60 between men with opposite socioeconomic statuses. As all these stud-
ies rely on relatively broad categorizations of occupational class, they may fail to detect

important heterogeneities.

lUpper non-manual workers, routine non-manual workers, self-employees, farmers, skilled manual
workers, non-skilled manual workers and agricultural labourers.
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2.3 Data and Methods

2.3.1 Data sources

We rely on three datasets extracted from the digital archives of the Italian Social Security
Institute: the Comunicazioni Obbligatoriedataset, the Casellario Pensionidataset, and

the Anagra ca dataset. The Comunicazioni Obbligatorie(COB) dataset, originally pro-
vided by the Italian Ministry of Labour, keeps track of all events entailing the creation,
cessation, and transformation of job relationships in both the private and public sector in
Italy, between 2010 and 2019.For each event, we have information about the beginning
and (when relevant) ending date of the job relationship, as well as about the occupational
class and the education level of the individual which the event refers foOccupational
class is categorized according to th€lassi cazione delle Professioni 2011CP2011) tax-
onomy compiled by the Italian National Institute of Statistics. The CP2011 classi cation
represents the Italian version of the most recent International Standard Classi cation
of Occupations (ISCO-08) and is hierarchically structured, with ve-digit occupational
codes being the most detailed and one-digit occupational codes the least. Thasel-
lario Pensioni dataset reports all pension bene ts disbursed by INPS-managed social
security schemes between 1995 and 2018. Pension bene ts disbursed by INPS fall into
four main categories: old-age/seniority pensions (pensions based on previous work con-
tributions), disability pensions (paid to INPS-insured individuals of working age who are
temporarily or permanently unable to work due to physical or mental impairment), so-
cial disability pensions (paid to all individuals, whose health conditions limit their work
capacity completely and on a permanent basis) and social pensions (which include means-

tested bene ts for poor pensioners and attendance allowances). T8asellario Pensioni

2|t should be noted that the COB dataset does not provide, per se a number of information which
are key for the proper reconstruction of individual work histories such as salary, industry/sector of
employment, etc.

3|t is important to note that the accuracy of education level recording in the COB dataset is relatively
poor. Indeed, education level tends to vary upon job change for the very same individual. In our analysis,
we consider the last education level recorded for the last occupation held prior to retirement.

4In CP2011, occupations are classi ed from very speci ¢ classes (5-digit titles) to broad classes (1-digit
titles), corresponding to ISCO-08 major groups
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dataset provides also information about pensioners' place of residence and marital status.
Finally, the Anagra ca dataset reports basic demographic characteristics of all individ-
uals appearing in the INPS archives, including gender, month and year of birth, month
and year of death (if relevant), month and year of retirement (if relevant). Information

in the Anagra ca dataset is updated to December 31, 2019. Observations in these three

datasets can be matched through unique individual identi ers.

2.3.2 Dataset construction

The original Comunicazioni Obbligatoriedataset includes observations relative to 21,240,742
uniquely identi ed individuals. Given the objective of our study, we focus on job cessa-
tions that are plausibly linked to entry into retirement. For this purpose, we keep indi-
viduals who experience a job cessation between 2010 and 2018, and who retired in the
same period, aged 70. We restrict our analysis to individuals whose last job relationship
prior to retirement lasted at least 5 years. For these individuals, it is highly likely that
their last occupation represents a reliable proxy of the occupation they predominantly
held throughout their working life. Reassuringly, and consistently with historically life-
long employment relationships in the Italian labour market, the average length of the
last job relationship for individuals in our nal sample is 25 years (Table 2.1). We fur-
ther drop individuals who do not appear in theCasellario Pensionidataset, as for these
individuals we do not have information about place of residence and marital status, nor
about reception of disability pension benets. As further explained below, we analyse
mortality di erences across occupational groups for individuals aged 65-74. This implies
that individuals who die before 65 or who have not turned 65 by December 31, 2018 are
further excluded from the dataset. Our nal dataset is made up of 620,146 individuals,
361,829 men and 258,317 women. Over the period of analysis (2010-2019), registered

deaths amount to 19,092 (14,253 among men and 4,983 among women).
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Table 2.2 recapitulates all the steps taken in the construction of the sample, whose main
descriptive statistics are reported in Table 2.1. Table 2.3 reports the sex-speci c distribu-
tion of individuals and deaths over the period of analysis by CP2011 occupational class at
the 1-digit and 2-digit level, encompassing eight and thirty-four categories respectively,
excluding armed forces. In order to observe a su cient number of deaths in each group,
in our analysis we aggregate two-digit categories, within the same one-digit category,
reporting less than 50 deaths over 2010-2019. Because of gender di erences in former

occupation, groupings di er between men and women (Table 2.4).

2.3.3 Statistical analysis

To explore di erences in post-retirement mortality by occupation, we adopt two main
methodologies. First, we calculate person-year mortality rates at ages 65-74, strati ed
by sex and age-adjusted through the indirect method, using sex-speci c rates across all
occupations as standard (Bessudnov et al. 2011; Johnson et al. 1999). We opt for indirect
standardization because the number of deaths in certain age- and sex-speci ¢ categories
is small (Ahlbom 1993). Methodological details are provided in Appendix B. We decide
to restrict the analysis to individuals aged 65-74 because 65 is the age by which most
individuals in our period of analysis enter into retirement, and because the number of
individuals who turn older than 74 in our dataset by the end of 2019 is negligible. We
calculate occupation- and sex-speci ¢ mortality rates at the national and at the macro
regional level (the latter for occupational classes measured at the 1-digit level only).
Second, since we know individuals' time of death, we use Cox proportional hazard regres-
sion analysis to study post-retirement mortality di erences across occupational groups
controlling for possible confounders, for men and women separately. We opt for Cox pro-
portional hazard regression model as it allows to make no assumption about the nature
of the hazard function (Cox 1972). Following previous studies (Bessudnov et al. 2011,
Lallo & Raitano 2018), we use age as analytic time variable, setting entry time at age 65

or age at retirement, whichever later, and exit time at age 74 or age attained by the end
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of 2019, whichever earlier. We summarize these choices in a Lexis-type diagram reported

in Figure B.1.

We consider two speci cations. In the baseline speci cation, we model the relationship
between mortality and occupational class only, stratied by year of birth and year of

retirement. The baseline speci cation looks as follows:

hi (t) = ho(t) ei Occupation jj (21)

where the subscripts andj indicate individual i and occupationj, respectively, andh,(t)

is the baseline mortality hazard, strati ed by year of birth and year of retirement ().

In the extended speci cation, we add controls for factors which may plausibly correlate
with occupational class and mortality, including educational level, marital status, macro-
region of residence (including residence abroad), reception of disability bene ts/social
disability bene ts. In estimating parameters, we account for both left truncation in age

at entry and right censoring. Moreover, as a consequence of using age as time of entry
and exit, our dataset presents a large number of ties, i.e. contemporary entry and exit
of individuals. We tackle this issue by applying the Efron method, which is particularly

suited for handling multiple ties (Efron 1977).

In order to better assess the implications of di erential mortality after retirement, it

is useful to translate the estimated mortality hazards into metrics providing a reliable
measure of residual lifespan. For this purpose, we estimate both partial life expectancy
at ages 65-74 and full life expectancy at age 65. Using the Kaplan-Meier method, we
rst estimate the survivor function for each occupational class between ages 65 and 74,
accounting for left-truncation in age at entry and right censoring. Partial life expectancy

is then computed as the area below the occupation-speci ¢ survival curve, from age
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65 to age 74. To estimate full life expectancy, we extrapolate survival curves using
two-parameter Brass relational logit model, which is commonly used in the presence
of incomplete survival curves (Brass 1971; Wilmoth et al. 2011). The classical Brass
relational model posits the existence of a linear relationship between the logits of any two
human survival curves. One can therefore obtain complete survival pro les by relating
the logits of any incomplete survival curveyy, to the logits of a standard (complete and

trustworthy) survival curve, Y?:

Ye= + YS (2.2)

where and are the parameters of the model, estimated via linear regression, and x is
the subscript for age.Yx and Y;? are derived directly from the survival curves by applying

the following logit transformations:

1 hog i
Y= S (2.3)
X
1 h E i
o= oin (2.4)

wherely are the values of the incomplete survival curve (in this case, each of the simulated
gender-speci ¢ survival curves for all occupational groups) ang are the values of the
complete survival curve (in this case, the o cial survival curve of the Italian population,
by gender, certi ed by the Italian National Institute of Statistics).®> As further discussed
below, a major limitation of this approach is that it assumes that survival pro les pre-
vailing over the observed age range (65-74 in this case) will persist at older ages. Full

life expectancies are then calculated as the areas below the complete occupation-speci c

SWe use the survival curves of the Italian population certi ed by the Italian National Institute of
Statistics in 2018 (the most recent at the time of writing).
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survival curves, from age 65 to age 119.

2.4 Results

2.4.1 Occupation-speci ¢ mortality rates

Table 2.5 and Table 2.6 report the number of observed deaths, person-years and age-
standardized mortality rates per 100,000 person-years at ages 65-74 across occupational
groups, for men and women respectively. Occupations are classi ed based on both 1-digit
(macro) and 2-digit (micro) occupational codes. In the case of men, we observe decreas-
ing mortality rates across occupations moving from low-skill elementary occupations to
high-skill occupations. At the macro-occupational level, lowest mortality is observed
among former managers and senior o cials (778 deaths per 100,000 person-years [95%
ClI 721-838]), while highest mortality is observed among male retirees who used to hold
an elementary occupation (1548 deaths per 100,000 person-years [95% CI 1482-1615]).
Analysis by regions reveals that di erences in mortality rates between high-skill and low-
skill occupational groups are particularly pronounced in the North of Italy (Table 2.7).
Mortality rate in elementary occupations in the North-East and in the South is 73% and
11% higher compared to mortality rate in managers and senior o cials, respectively. At
the micro-occupational level, lowest mortality rates are reported by former engineers and
architects (650 deaths per 100,000 person years [95% CI 494-829]), while highest mortal-
ity rates are observed among former labourers in mining, construction and manufacturing

(1,629 deaths per 100,000 person years [95% CI| 1481-1784]).

In the case of women, di erences in mortality rates across occupational groups are con-
siderably less pronounced. At the macro-occupational level, lowest mortality rates are
recorded among former professionals (507 deaths per 100,000 person-years [95% CI 479-

535]), and highest ones among women formerly employed in elementary occupations (664
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deaths per 100,000 person-years [95% CIl 615-714]). Contrary to men's case, no signi -
cant di erences emerge in occupation-mortality rates at the regional level among female
retirees, while substantial heterogeneity emerges within macro-occupational groups. For
instance, focusing on professional occupations, women formerly employed as teaching
and research professionals display signi cantly lower mortality (475 deaths per 1000,000
person-years [95% CI 443-508]) compared to women formerly employed as legal, social
and cultural professionals (616 deaths per person-years [95% CI 553-682]). It is also worth
stressing that women with speci ¢ high-skill occupational backgrounds (e.g. managers)
display relatively high mortality rates, while women with speci ¢ low-skill occupational

backgrounds (e.g. cleaners and helpers) display relatively low mortality rates.

2.4.2 Cox proportional hazard regression models

Table 2.8 and Table 2.9 report results from Cox proportional hazard regression models for
men, where occupations are classi ed based on 1-digit (macro) and 2-digit (micro) occu-
pational codes respectively. Coe cients are expressed in the exponentiated form (hazard
ratios). When stratifying for year of birth and year of retirement only, we document a
clear occupational gradient in mortality at ages 65-74 across macro-occupational groups
(Table 2.8, Column 1). Compared to the reference group (Clerical support workers),
individuals in upper non-manual occupations face substantially lower mortality risk be-
tween 65 and 74. Managers and senior o cials display the lowest mortality risk (-35%),
followed by professionals (-29%) and technicians (-13%). On the contrary, individuals
in lower manual or unskilled groups face substantially higher mortality risk. Male re-
tirees holding a background in elementary occupations face the highest mortality risk
(+17%), followed by plant and machine operators/assemblers (+13%) and craft and re-
lated trade workers and skilled workers in agriculture, forestry and shery (+11%). When
adding controls for possible confounders (Table 2.8, Column 1), estimated hazards change
slightly in magnitude, but occupational background remains a powerful determinant of

males' post-retirement mortality. Cox proportional hazard regression analysis based on
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micro-occupational groups yields broadly consistent results, allowing to identify specic
high- and low-risk occupational pro les (Table 2.9). Looking at the extended speci cation
(Table 2.9, Column 3), male retirees holding an occupational background in engineering,
architecture and similar professions display the lowest mortality risk (-28%) compared
to the reference group (General and keyboard clerks), followed by former managing di-
rectors and chief executives (-22%). Comparatively high-risk pro les include unskilled
sales workers, cleaners and helpers (+77%), labourers in mining, construction and manu-
facturing (+22%), and assemblers (+17%). While occupational inequalities in mortality
are the core object of this study, there is also some interest in the estimated associa-
tions between mortality and control variables. Focusing on Table 2.9, higher education
comes with lower post-retirement mortality risk, all other things equal. Men with tertiary
education (university degree) face a 17% lower mortality hazard compared to men with
primary education. No statistically signi cant di erences emerge, instead, for those hold-
ing secondary education. Marital status is a remarkably strong and consistent predictor
of post-retirement survival. Ceteris paribus, widowed, separated/divorced, and unmar-
ried men have all higher post-retirement mortality risk compared to married men: +25%,
+ 38% and +59%, respectively. Macro-region of residence is also signi cantly associated
to mortality: for men living abroad and in the North-East and North-West of Italy, the
mortality hazard ratios are respectively 30%, 16% and 8% higher compared to men living
in the Centre, while no statistically signi cant di erences emerge for those residing in
the South-Islands and abroad, all other things equal. Finally, as one may expect, men
who receive disability pension bene ts face substantially higher mortality risk compared
to non-recipients, ceteris paribus(41% higher in the case of ordinary disability bene ts

and 847% higher in the case of social disability bene ts).

Results for women are reported in Table 2.10 and Table 2.11. In this case, we nd lim-

ited evidence of occupation gradient in mortality over the considered ages across macro-
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and micro-occupational groups, in both the baseline and extended speci cations. In fact,
hazard ratios, albeit imprecisely estimated, suggest that some categories of women at
the very top of the occupational hierarchy, such as managing directors and chief execu-
tives, may actually face higher post-retirement mortality risk compared to the category
of reference (Table 2.11). On the contrary, women belonging to manual or unskilled occu-
pations, such as cleaners and helpers, display lower post-retirement mortality compared
to the reference group. It is worth noting that the lack of a clear occupational gradient in
mortality among female retirees aged 65-74 is consistent with the lack of a clear gradient
over the educational dimension. Indeed, women with secondary and tertiary education
do not face signi cantly lower mortality risk compared to women with primary education,
other things equal. Instead, marital status is a strong predictor of mortality in the case of
female retirees too. Focusing on Table 2.11, widowed, separated/divorced and never mar-
ried women face mortality hazard ratios which are 26%, 51% and 78% higher compared
to married women, ceteris paribus. The same holds for disability bene ts: women who
receive ordinary and social disability bene ts are exposed to a post-retirement mortality
risk which is 70% and >1300% higher than non-recipients, other things equal. Finally,
macro-regional disparities in post-retirement survival among women are qualitatively and

guantitatively analogous to those recorded in the case of men.

The reliability of the results presented in this section depends on the validity of the main
assumption of the Cox model, that is the proportionality of hazards. We check this as-
sumption by examining Schoenfeld residuals after tting the baseline and the extended
models, for men and women separately. Results for our main explanatory variables, i.e.
the occupational category dummies, are largely reassuring. In all models, we nd the
proportional hazard assumption to hold for all occupational category dummies, for both

men and women (Table B.1 to Table B.4 in Appendix B).
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2.4.3 Life expectancy estimates

We now examine how mortality di erentials at ages 65-74 by former occupation trans-
late into lifespan di erentials. Figure 2.1 and Figure 2.2 display partial life expectan-
cies between ages 65-74 for men, together with the respective 95% con dence intervals.
Consistently with results delivered by Cox proportional hazards regression models, we
document a fairly clear occupational gradient in residual lifespans. Partial life expectan-
cies across macro-occupational groups range from 8.4 years for male retirees holding a
background in elementary occupations and as machine operators/assemblers, to 8.7 for
former managers and senior o cials (Figure 2.1). Looking at speci ¢ occupations, the
highest partial life expectancy is recorded by former engineers, architects and similar
professionals, followed by legislators and senior o cials, and by managing directors and
chief executives, while the lowest is displayed by numerical and material recording clerks,
assemblers and labourers in mining, construction, and manufacturing. When extrapolat-
ing survival curves to obtain full life expectancies at 65, the gap between the bottom and
the top of the lifespan distribution clearly widens. Between former managers and senior
o cials ( e55=20.27) and plant machine operators/assemblerg{s=16.82) there is a gap in

life expectancy of about 3.4 years (Figure 2.3). Disparities by speci ¢ occupational class
are even more pronounced. Indeed, at age 65 former engineers, architects and similar
professionals €;5=20.76) can expect to live 5 years longer than former protective service

workers (es5=15.73) (Figure 2.4).

Results for women are displayed in Figure 2.5 to Figure 2.8. In line with results yielded
by Cox proportional hazard regression models, there is limited occupational gradient in
female retirees' partial and full life expectancies. The distribution of residual lifespans
across occupational groups is markedly narrow, with hardly statistically discernible dif-
ferences across most groups, as witnessed by overlapping con dence intervals. Focusing

on macro-occupational groups, partial life expectancies at 65-74 range from 8.66 in the
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case of plant and machine operators/assemblers to 8.78 in the case of professionals (Fig-
ure 2.5). In the case of speci c occupations, teaching and research professionals boast
the highest partial life expectancy (8.79) and clerical support workers the lowest (8.63)
(Figure 2.6). Looking at full life expectancies across macro groups, at 65 females with
an occupational background as managers and senior o cials can expect to live 2.4 years
longer than former plant and machine operators/assemblers (Figure 2.7). At the micro
level, the lack of a clear occupational gradient becomes particularly visible. Indeed, fe-
male retirees holding a background in lower manual and unskilled occupations, such as
cleaners and helperse§s=21.99) and unskilled sales workersefs=21.21), can expect to

live longer than former managersé€;s=20.81) or legal, cultural and social professionals
(es5=20.46). It is worth noticing that in the case of women, tangible disparities in mor-
tality emerge within macro-occupational groups themselves. For instance, legislators and
senior o cials (es5=22.17) boast an advantage in life expectancy at 65 of about 1.4 years
compared to managersegzs=20.81), a group which includes managing directors, chief ex-

ecutives, and professional services managers.

All estimates of partial and full life expectancies by sex and occupational group, along
with their respective con dence intervals, are reported in Table B.5 to Table B.12 in

Appendix B.

2.5 Discussion

Mortality patterns by lifetime occupation among Italian retirees di er substantially be-
tween men and women. In the case of men, we nd that post-retirement mortality follows
a neat occupational gradient, which holds also when accounting for potential confounders,
including education, marital status, macro-region of residence and physical/mental im-
pairment proxied by the reception of disability bene ts. Speci cally, we observe increasing

mortality risk moving from highly quali ed, non-manual occupations (such as engineers
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and architects, legislators and public senior o cials, managing directors and chief execu-
tives) to manual, low-skilled and generally labour-intensive occupations (such as labourers
in mining, construction and manufacturing, unskilled sales workers and assemblers). Our
projections for life expectancy at 65 suggest that in Italy male retirees with a back-

ground in speci ¢ low-risk occupational categories enjoy an advantage of about 4-5 years
compared to those with a background in speci ¢ high-risk categories. Such disparities in
mortality and longevity are substantially larger than those documented by previous stud-

ies employing broader categorizations of occupational pro les (Leombruni et al. 2015).

While occupation-based mortality inequalities among male retirees are observed through-
out Italy, our estimates of mortality rates at the macro-regional level suggest that such
inequalities are particularly pronounced in the North of Italy. These patterns are con-
sistent with ndings by Ardito et al. (2021) who document sizeable regional variation in
life expectancy inequalities at 65 among men in Italy by socio-economic status, the gap
being signi cantly larger in Northern regions as compared to Southern regions. Possible
explanations include greater income inequalities and higher cost of living in the North as
compared to the South. However, it is worth stressing that our data do not allow to cap-
ture mortality patterns of individuals (formerly) involved in the informal labour market.
Since the incidence of the shadow economy is larger in Southern regions (Italian National
Institute of Statistics 2020), and low-skill workers have greater chances to be in informal
employment (Viviani 2010), our analysis may underestimate mortality inequalities along

the occupational gradient among male retirees in the South of Italy.

Contrary to men's case, we document limited occupation-based mortality gradient among
female retirees. This result is consistent with ndings by Bertuccio et al. (2018), who ob-
serve no signi cant mortality di erences among Italian women aged 20-64 by occupation-

based social class when taking educational level into account. In fact, our analysis sug-
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gests that women with a background in speci ¢ upper non-manual and high-skilled occu-
pations, such as former top managers, may face analogous, if not worse, survival chances
into old-age compared to females previously employed in lower manual or elementary
occupations. Such patterns of reversed mortality gradient among female retirees are in
line with ndings by Costa et al. (2017) based on the population of Turin, in northwest
Italy. Using census data linked to mortality records, they show that the mortality pro le

of women in managerial and entrepreneurial careers is similar to that of women in skilled
blue-collar occupations. A possible explanation relates to behavioural factors such as
smoking which stood as hallmarks of women's emancipation for the considered cohorts

(Di Novi & Marenzi 2019).

This study presents some limitations. First, it analyses mortality dynamics for individ-
uals who survive to 65, at least. As a consequence, the working sample may su er from
an under-representation of occupational categories which are systematically exposed to
higher risk of premature mortality. As the latter tends to concentrate disproportionately

in lower occupational strata (Lewer et al. 2020), our study may fail to properly char-
acterize occupation-driven mortality di erentials in the Italian senior population. An
alternative approach to avoid such issue, which could be implemented in future works,
is to employ time from retirement, rather than age, as analytic time variable, and esti-
mate occupation-speci c retirement expectancies (i.e. average years spent in retirement),
rather than life expectancies. Second, our study is based on social security data which
are representative of the retired population in Italy made up of former private and public
employees. As such, it does not examine mortality patterns of individuals with a back-
ground in self-employment or without a formal employment backgrountbut court, such

as workers involved in the informal labour market or homemakers. Third, it de nes occu-
pational class based on the last job held prior to retirement. The latter could be a poor

proxy of occupational background for individuals with highly discontinuous occupational
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trajectories. We sought to attenuate this concern by focusing on individuals whose last
job prior to retirement lasted at least 5 years, i.e. individuals whose last job can plau-
sibly represent a good measure of lifelong occupational class. From this perspective, the
average duration of last job relationship in our sample (25 years) is strongly reassuring.
Fourth, it makes heavy use of extrapolation in the estimation of full life expectancies. Es-
timated mortality patterns across occupational groups beyond age 74 are mostly driven
by patterns observed between ages 65-74. This approach may lead to over-estimation
of di erences in life expectancy across occupational groups if the occupation-mortality
gradient attenuates, or even reverses, at older ages, due to frailty-related dynamics (Vau-
pel & Yashin 1985). Fifth, it focuses on all-cause mortality only. As such, it remains
silent about potential mechanisms linking post-retirement survival chances to occupa-

tional background which could be inferred by cause-speci ¢ mortality patterns.

This study has also two major strengths. First, it is based on administrative data which
allow to retrieve reliable information on occupation held prior to retirement. As such, our
de nition of occupational background does not su er from self-reporting issues a ecting
survey and census data. In addition, the richness of our data allows us to explore mor-
tality patterns by former occupational category in greater detail than usually possible.
To the best of our knowledge, ours is the rst attempt to translate mortality pro les into

remaining life expectancies around retirement by speci ¢ occupational background.

This study is particularly relevant for policymakers in Italy, and in countries confronting
challenging reform needs to meet rising pressures on social security systems posed by
increased longevity. While raising statutory retirement age is generally presented as an
unavoidable choice, there are mounting concerns that this kind of measures, if applied
homogenously, may penalize categories of workers facing unfavourable survival pro les

compared to population average, advantaging those with better survival chances (Ayuso
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et al. 2017; Lozano & Solé-Aur6é 2021). Moreover, since longevity tends to be strati ed
by occupation, these measures may amplify intra-generational inequalities emerging over
individuals' working life. In the light of these considerations, our study conrms the
importance of policy measures aimed at easing access to pension bene ts for individuals
belonging to high-risk occupational groups. In the case of Italy, it points at the need for
extending the o cial taxonomy of 'demanding’ jobs, giving access to early retirement op-
tions and to subsidized bene ts for early labor market exif, to speci ¢ categories which
are currently excluded, such as protective service workers. It also points at the need to
account for occupation-driven mortality inequalities in the de nition of o cial coe cients
used for pension bene ts calculation under notional de ned contribution (NDC) pension
rules.” Future works may seek to extend the present analysis by investigating inequal-
ities in healthy or disability-free life expectancy at retirement by speci ¢ occupational
background. This kind of studies may be extremely valuable in setting di erentiated exit

paths from the labour market accounting for both residual lifespan and work ability.

6The most relevant subsidized bene t scheme for early labor market exit is calledAnticipo pension-
istico Sociale, known as APE sociale. It was introduced in 2017 and is targeted, among the others, to
senior workers with an occupational background in "demanding’ occupations, aged 63 years old and who
have accumulated between 30 and 36 years of contributions.

“Under the notional de ned contribution (NDC) pension regime, pension contributions are ( cti-
tiously) accumulated in an individual fund, and are re-evaluated in line with a moving average of GDP
growth. Pension bene ts are then computed by multiplying the re-evaluated contributions by a coef-
cient which depends on remaining life expectancy at retirement. Such coe cients are neutral with
respect to gender and other relevant socio-economic characteristics, but they are periodically updated to
account for changes in o cial life expectancy projections. NDC pension rules were introduced in 1995
by the Dini reform, but the phase-in period was set to be very long. Indeed, workers with at least 18
years of contributions as of December 1995 were fully una ected by the reform. Instead, those with
a shorter contributory record were to be a ected on apro rata basis, the weight of DB depending on
the ratio between pre-1995 to the overall contribution period upon retirement. In 2011, the Fornero
reform accelerated the transition to full NDC rules, introducing a pro-rata contribution for all workers
starting from January 1, 2012. In other words, all pensions awarded from this date onward have an NDC
component, regardless of the 18-year contribution period mentioned above.
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Tables Chapter 2

Table 2.1: Descriptive statistics

Variable Mean SD Min Max
Age retirement 62.7 2.8 550 70.0
Length last job relationship 25.0 11.7 5.0 50.00

Binary variables (%)

Primary education 17.0 37.0
Secondary education 65.0 48.0
Tertiary education 19.0 39.0
Married 78.0 50.0
Widow 8.0 28.0
Separated/Divorced 6.0 25.0
Never married 8.0 27.0
Centre 23.0 420
North-East 19.0 39.0
North-West 24.0 43.0
South 23.0 420
Islands 12.0 32.0
Abroad 1.0 8.0
Disability pension 1.0 9.0
Social disability pension 20 150
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Table 2.2. Steps taken in the dataset contruction

N individuals  Dropped
Initial dataset 21,240,742
Keeping N with demogra ¢ information 21,221,344 19,398
Keeping N retired between 2010-2018 1,523,039 19,698,305
Keeping N with occupational class information (except armed forces) 1,480,953 42,086
Keeping N with last contract lasting 50 years 1,480,176 777
Keeping N with last contract lasting > 5 years 1,187,904 292,272
Keeping N retiring 70 1,173,217 14,687
Keeping N surviving to 65 1,158,895 14,322
Keeping N who reach 65 by the end of 2018 624,281 534,614
Keeping N appearing in Pensioni Casellario 620,146 4,135
Final dataset 620,146
Men 361,829
Women 258,317
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Table 2.3: Individuals and deaths by occupational class and sex

Occupation (CP2011, 1digit) Occupation (CP2011, 2digit)

N individuals N deaths

F M F M
. Legislators & senior o cials 3647 9203| 70 323
Manager_s & senior Managing directors & chief executives 1646 10601 39 299
o cials Professional services managers 426 1786| 10 53
Engineers, architects & similar professions 141 2647| 2 58
Health professionals 4071 13650 46 418
Professionals Legal social & cultural professionals 18307 25282354 902
Life science professionals 1598 1904| 26 66
Science professionals 446 3544| 5 88
Teaching & research professionals 51818 18171826 610
Business & administration technicians 15585 28813334 1016
Technicians Life _sciencg technici_ans 16535 11231301 413
Public service technicians 13037 4042|327 195
Science & engineering technicians 1615 23282 28 727
Customer service clerks 6139 7355|109 287
Clerical support workers Genergl & keyboar_d clerks _ 42837 41786760 1637
Numerical & material recording clerks 1683 4512| 40 167
Other clerifcal support workers 2485 5982| 30 179
Personal care workers 3847 1485|58 67
Service & sales Personal service workers 6530 3438|129 196
workers Protective service workers 6580 6343|138 268
Sales workers 8145 7665(139 320
Craft & related Electrical & electronic trades workers 763 19230 17 751
trade workers, Food processing wood working garment & related trade workers6119 6313| 83 294
skilled agricultural, Handicraft & printing workers 1044 2646| 16 88
forestry & shery Mining building & related trade workers 5708 16864132 867
workers Skilled agricultural forestry & shery workers 274 2831 6 173
. Assemblers 6332 12511 99 476
Plant & machine Drivers & mobile plant operators 252 21607 2 929
operators, Machine operators in agricultural & forestry 373 924 | 7 36
assemblers Stationary plant operators 945 7987|16 273
Cleaners & helpers 6446 706 |120 36
Elementary Labourers in mining construction manufacturing 2067 8744|49 444
occupations Unskilled agricultural forestry & shery 3400 4504|117 278
Unskilled sales workers 17476 24240404 1319
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Table 2.4: Grouping of occupational 2-digit CP2011 occupational categories

WOMEN
Grouping 2-digit CP2011 occupational categories
Managers Managing directors and chief executives, Professional ser-

Other professionals

Other clerical support workers

Other craft and related trade
workers

Plant and machine operators

Unskilled workers in agriculture,
forestry, shery, mining, con-
struction, manufacturing

vices managers

Engineers architects and similar professions, Health pro-
fessionals, Life science professionals, Science professionals
(mathematics, computer science, chemistry, physics, biol-
ogy)

Numerical and material recording clerks, Other clerical
support workers

Electrical and electronic trades workers, Food processing
wood working garment and related trade workers, Electri-
cal and electronic trades workers, Food processing wood
working garment and related trade workers, Handicraft
and printing workers, Skilled agricultural forestry and
shery workers

Drivers and mobile plant operators, Machine operators in
agricultural and forestry, Stationary plant operators
Labourers in mining construction manufacturing, Un-
skilled agricultural forestry and shery

Grouping

MEN
2-digit CP2011 occupational categories

Machine operators, drivers & mo-
bile plant operators

Drivers and mobile plant operators, Machine operators in
agricultural and forestry
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Table 2.5: Mortality rate at 65-74 by former occupation - Men

Occupation N. of deaths Person-years Mortality rate/
Managers and senior o cials 675 83669 778 [721-838]
Legislators and senior o cials 323 39401 766 [685-852]
Managing directors and chief executives 299 38232 773 [688-863]
Professional services managers 53 6036 913 [684-1176]
Professionals 2142 246795 854 [818-890]
Engineers, architects and similar professions 58 9134 650 [494-829]
Teaching and research professionals 610 74872 789 [728-853]
Health professionals 418 51196 791 [717-869]
Science professionals 88 10758 851 [682-1038]
(maths, computer science, chemistry, physics, biology)
Life science professionals 66 7386 872 [674-1095]
Legal, social and cultural professionals 902 93449 961 [899-1025]
Technicians 2351 223471 1063 [1020-1106]
Business and administration technicians 1016 97441 1048 [985-1114]
Science and engineering technicians 727 70742 1064 [988-1143]
Life science technicians 413 38375 1084 [982-1191]
Public service technicians 195 16913 1094 [945-1252]
Clerical support workers 2270 184757 1265 [1214-1318]
General and keyboard clerks 1637 133567 1253 [1193-1315]
Customer service clerks 287 23858 1236 [1097-1383]
Numerical and material recording clerks 167 11565 1551 [1325-1795]
Other clerical support workers 179 15767 1209 [1038-1393]
Service and sales workers 851 61843 1371 [1280-1465]
Personal care workers 67 5156 1245 [964-1560]
Protective service workers 268 20856 1300 [1149-1461]
Sales workers 320 23918 1340 [1197-1490]
Personal service workers 196 11918 1607 [1390-1840]
Craft & related trade workers, 2173 148263 1458 [1397-1520]
skilled agricultural, forestry & shery workers
Handicraft and printing workers 88 6981 1308 [1049-1595]
Mining, building and related trade workers 867 59965 1391 [1300-1485]
Skilled agricultural, forestry and shery workers 173 11021 1490 [1277-1721]
Electrical and electronic trades workers 751 51198 1526 [1419-1637]
Food processing, wood working, garment 294 19098 1533 [1363-1713]
&other craft & related trades workers
Plant and machine operators, assemblers 1714 120319 1484 [1415-1555]
Stationary plant operators 273 21589 1336 [1182-1499]
Machine operators in agricultural/food industry, 965 67111 1478 [1387-1573]
drivers & mobile plant operators
Assemblers 476 31619 1599 [1458-1745]
Elementary occupations 2077 129789 1548 [1482-1615]
Unskilled agricultural, forestry and shery workers 278 18819 1343 [1190-1506]
Unskilled sales workers, cleaners and helpers 1355 84009 1572 [1489-1656]
Labourers in mining, construction, manufacturing 444 26961 1629 [1481-1784]

y Mortality rates were standardized by age using the indirect method with sex-speci c rates across all

occupations used as standard. Rates are per 100,000 person-years

s



Table 2.6: Mortality rate at 65-74 by former occupation - Women

Occupation

N. of deaths Person-years Mortality rate/

Managers and senior o cials
Legislators and senior o cials

Managers

Professionals

Science, engineers, architects, life science, health professionals
Teaching and research professionals
Legal, social and cultural professionals

Technicians

Public service technicians
Business and administration technicians
Science, engineering, life science technicians

Clerical support workers
General and keyboard clerks
Customer service clerks
Other clerical support workers

Service and sales workers
Personal care workers
Protective service workers
Personal service workers

Sales workers

Craft and related trade workers,

skilled agricultural, forestry and shery workers
Mining, building and related trade workers
Other craft and related trade workers

Plant and machine operators, assemblers
Plant and machine operators

Assemblers

Elementary occupations
Cleaners and helpers
Unskilled workers in agriculture, forestry,
shery, mining, construction, manufacturing
Unskilled sales workers

119
70
49

1259
79
826
354

990
327
334

329

939
760
109
70

464

58
138
129
139

254

132
122

124
25
99

690
120
166

404

19509
12802
6707

248521
17520
172964
58037

163523
58283
52157

53083

148902
121530
17326
10046

76068
10484
21884

21312
22388

42156

20033
22123

19474
4059
15415

100112
20503
24534

55075

596 [494-708]

531 [414-662]

724 [536-941]

507 [479-535]
463 [366-570]

475 [443-508]

616 [553-682]

593 [556-630]

524 [469-582]

631 [565-701]
634 [567-704]

650 [609-692]
640 [596-687]
665 [546-795]
739 [576-923]

617 [562-674]
581 [441-741]
605 [508-710]
615 [514-726]
647 [544-759]

623 [549-702]

662 [553-779]
587 [487-695]

692 [575-819]
672 [434-961]
697 [566-841]

664 [615-714]
568 [471-674]
617 [527-715]

720 [651-792]

y Mortality rates were standardized by age using the indirect method with sex-speci ¢ rates across all occupa-

tions used as standard. Rates are per 100,000 person-years
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Table 2.8: Cox PH regressions - Men (macro-occupational groups)

1) 2
Occupation (ref: Clerical support workers)
Managers and senior o cials 0.643***  0.847***
(0.028) (0.040)
Professionals 0.713**  (0.908**
(0.022) (0.031)
Technicians 0.867*** 0.978
(0.026) (0.029)
Service and sales workers 1.078 1.092*

(0.044) (0.044)
Craft and related trade workers, skilled agricultural, forestry and shery workers  1.106***  1.153***
(0.034) (0.036)

Plant and machine operators, assemblers 1.132%**  1.208***
(0.037) (0.040)
Elementary occupations 1.174%*  1.147***

(0.036) (0.036)
Marital status (ref: married)

Widow 1.251%**
(0.046)
Separated/Divorced 1.386***
(0.046)
Never married 1.577*%*
(0.043)
Region of residence (ref: Centre)
Abroad 1.290*
(0.139)
Islands 0.968
(0.029)
North-East 1.081**
(0.031)
North-West 1.160***
(0.030)
South 1.019
(0.025)
Education (ref: Primary)
Secondary education 0.985
(0.022)
Tertiary education 0.837***
(0.031)
Social disability pension 8.451***
(0.177)
Disability pension 1.400%**
(0.085)
Observations 361,829 361,829

Results from Cox proportional hazards models. Results are presented in the exponentiated form (hazard
ratios). Standard errors in parentheses. *** p<0.001, ** p<0.01, * p<0.05,Y p<0.1.
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Table 2.9: Cox PH regressions - Men (micro-occupational groups)

1) 2)
Model 1  Model 2
Occupation (ref: General and keyboard clerks)
Legislators and senior o cials 0.629***  0.853*
(0.039) (0.057)
Managing directors and chief executives 0.630***  0.785***
(0.040) (0.051)
Professional services managers 0.7%67 0.834
(0.107) (0.118)
Science professionals (mathematics, computer science, chemistry, physics, biology) 0.680***  0.822
(0.075) (0.091)
Engineers, architects and similar professions 0.563**  0.718*
(0.075) (0.098)
Life science professionals 0.741* 1.079
(0.093) (0.140)
Health professionals 0.664*** 0.921
(0.037) (0.059)
Legal, social and cultural professionals 0.795***  (0.900*
(0.033) (0.038)
Teaching and research professionals 0.650***  (0.832***
(0.031) (0.044)
Science and engineering technicians 0.866** 0.945
(0.039) (0.043)
Life science technicians 0.877* 0.983
(0.049) (0.055)
Business and administration technicians 0.853**  (0.932
(0.034) (0.038)
Public service technicians 0.860* 0.928
(0.065) (0.071)
Customer service clerks 0.977 0.804***
(0.063) (0.052)
Other clerical support workers 0.917 0.936
(0.073) (0.075)
Numerical and material recording clerks 1.075 1.024
(0.088) (0.084)
Sales workers 1.048 1.046
(0.064) (0.064)
Personal service workers 1.237* 1.190*
(0.094) (0.091)
Personal care workers 1.008 0.980
(0.126) (0.123)
Protective service workers 1.017 1.004
(0.067) (0.066)
Mining, building and related trade workers 1.044 1.077
(0.044) (0.046)
Electrical and electronic trades workers 1.159*+*  1.173***
(0.052) (0.053)
Handicraft and printing workers 1.000 0.999
(0.110) (0.110)
Skilled agricultural, forestry and shery workers 1.167 1.108
(0.094) (0.089)
Food processing, wood working, garment and other craft and related trades workers ~ 1.133* 1.230

Continued on next page




Table 2.9 Continued from previous page

1) (2)
Model 1 Model 2
(0.072) (0.073)
Stationary plant operators 1.000 1.036
(0.066) (0.069)
Assemblers 1.170**  1.178**
(0.062) (0.063)
Machine operators in agricultural/food industry, drivers & mobile plant operators 1.147%*  1.204***
(0.047) (0.050)
Unskilled sales workers, cleaners and helpers 1277+ 1.109**
(0.044) (0.042)
Unskilled agricultural, forestry and shery workers 1.053 1.002
(0.069) (0.066)
Labourers in mining, construction, manufacturing 1.219%*  1.185**
(0.066) (0.064)
Education (ref: primary education)
Secondary education 0.984
(0.022)
Tertiary education 0.835***
(0.033)
Marital status (ref: married)
Widow 1.250%**
(0.046)
Separated/Divorced 1.387***
(0.046)
Never married 1.587***
(0.044)
Macro-region of residence (ref: Centre)
Abroad 1.289*
(0.139)
Islands 0.975
(0.029)
North-East 1.085**
(0.032)
North-West 1.164***
(0.031)
South 1.022
(0.025)
Social disability pension 8.477***
(0.178)
Disability pension 1.413%*
(0.086)
Observations 361,829 361,829

Notes Results from Cox proportional hazards models. Results are presented in the exponentiated form
(hazard ratios). Standard errors in parentheses. *** p<0.001, ** p<0.01, * p<0.05,Y p<0.1.
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Table 2.10: Cox PH regressions - Women (macro-occupational groups)

1) 2
Occupation (ref: Clerical support workers)
Managers and senior o cials 1.000 1.21}1
(0.098) (0.123)
Professionals 0.845*** 0.987
(0.037) (0.048)
Technicians 0.948 1.000
(0.045) (0.048)
Service and sales workers 0.969 0.990
(0.056) (0.058)
Craft and related trade workers, skilled agricultural, forestry and shery workers 0.950 0.919
(0.069) (0.068)
Plant and machine operators, assemblers 1.030 1.031
(0.100) (0.101)
Elementary occupations 1.050 0.981

(0.054) (0.052)
Marital status (ref: married)

Widow 1.260%**
(0.050)
Separated/Divorced 1.513**
(0.073)
Never married 1.762***
(0.072)
Region of residence (ref: Centre)
Abroad 1.462*
(0.260)
Islands 0.917,
(0.048)
North-East 1.193***
(0.055)
North-West 1.225%**
(0.053)
South 0.972
(0.042)
Education (ref: Primary)
Secondary education 13.640***
(0.494)
Tertiary education 1.673*
(0.277)
Social disability pension 0.991
(0.040)
Disability pension 0.917
(0.053)
Observations 258,317 258,317

Results from Cox proportional hazards models. Results are presented in the exponentiated form (hazard
ratios). Standard errors in parentheses. *** p<0.001, ** p<0.01, * p<0.05,Y p<0.1.
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Table 2.11: Cox PH regressions - Women (micro-occupational groups)

1) 2)
Model 1 Model 2
Occupation (ref: General and keyboard clerks)
Legislators and senior o cials 0.908 1.099
(0.114) (0.143)
Managers 1.159 1.256
(0.172) (0.187)
Science, engineers, architects, life science, health professionals 0.754* 0.779*
(0.090) (0.099)
Legal, social and cultural professionals 1.002 0.989
(0.065) (0.066)
Teaching and research professionals 0.798*** 0.951
(0.041) (0.054)
Science, engineering, life science technicians 0.957 0.964
(0.064) (0.065)
Business and administration technicians 1.018 0.981
(0.069) (0.067)
Public service technicians 0.864* 0.947
(0.060) (0.066)
Customer service clerks 0.974 0.746**
(0.101) (0.079)
Other clerical support workers 1.048 1.076
(0.133) (0.136)
Sales workers 0.964 1.009
(0.090) (0.095)
Personal service workers 0.986 0.946
(0.095) (0.092)
Personal care workers 0.922 0.847
(0.127) (0.118)
Protective service workers 0.975 0.966
(0.092) (0.093)
Mining, building and related trade workers 1.003 0.855
(0.096) (0.084)
Other craft and related trade workers 0.892 0.921
(0.088) (0.092)
Plant and machine operators 1.109 1.103
(0.226) (0.225)
Assemblers 1.011 0.971
(0.110) (0.106)
Unskilled sales workers 1.149* 1.029
(0.073) (0.066)
Cleaners and helpers 0.886 0.780*
(0.090) (0.084)
Unskilled workers in agriculture, forestry, shery, mining, construction, manufacturing 0.966 0.898
(0.086) (0.080)
Education (ref: primary education)
Secondary education 0.967
(0.040)
Tertiary education 0.916
(0.055)
Marital status (ref: married)
Widow 1.258***

Continued on next page
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Table 2.11 Continued from previous page

1) 2
Model 1 Model 2

(0.050)
Separated/Divorced 1.511%*
(0.073)
Never married 1.772%**
(0.073)
Macro-region of residence (ref. centre)
Abroad 1.544*
(0.278)
Islands 0.922
(0.049)
North-East 1.195%**
(0.056)
North-West 1.228***
(0.053)
South 0.977
(0.043)
Social disability pension 13.659***
(0.495)
Disability pension 1.696**
(0.281)

Observations

258,317 258,317

Notes Results from Cox proportional hazards models. Results are presented in the exponentiated form
(hazard ratios). Standard errors in parentheses. *** p<0.001, ** p<0.01, * p<0.05,Y p<0.1.
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Figures Chapter 2

Figure 2.1. Partial life expectancy 65-74 (macro-class)
Men

Notes. 95% con dence intervals in red.
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Figure 2.2: Partial life expectancy 65-74 (micro-class)
Men

Notes. 95% con dence intervals in red.
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Figure 2.3: Life expectancy at 65 (macro-class)
Men

Notes. 95% con dence intervals in red.
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Figure 2.4. Life expectancy at 65 (micro-class)
Men

Notes. 95% con dence intervals in red.
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Figure 2.5: Partial life expectancy 65-74 (macro-class)
Women

Notes. 95% con dence intervals in red.
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Figure 2.6: Partial life expectancy 65-74 (micro-class)
Women

Notes. 95% con dence intervals in red.

Figure 2.7. Life expectancy at 65 (macro-class)
Women

Notes. 95% con dence intervals in red.
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Figure 2.8. Life expectancy at 65 (micro-class)
Women

Notes. 95% con dence intervals in red.
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Chapter 3

The evolution of lifespan inequalities among the over 50 in Italy
and their distributional implications for the pension system

3.1 Introduction

In the last decades, rising inequality in socio-economic outcomes has emerged as a major
theme in political and academic debates. There is mounting evidence that inequality in
income, wealth, and lifetime earnings has been increasing over time and across cohorts
in several OECD countries (Kopczuk et al. 2010, Piketty 2013, Saez & Zucman 2016,
Bourgignon 2018). A key dimension of inequality, which is strongly related to economic
inequality, is inequality in longevity (Cutler et al. 2006). While the causal nature of the
relationship between socio-economic status and longevity remains a source of debate, the
distribution of longevity is a key metrics of the distribution of well-being within a society.
Moreover, lifespan inequalities have important implications when it comes to design and
the evaluation of healthcare and social security programs (Auerbach et al. 2017). In this
study, we provide novel evidence about lifespan inequalities, and about their evolution
over time, in the Italian adult and elderly population, using multiple datasets extracted

from the digital archives of the Italian Social Security Institute (INPS). We then evaluate

1This chapter is the result of a joint work with S. Ghislandi. We are thankful to F.C. Billari and to
participants to the VisitINPS seminars for useful comments and suggestions. Access to administrative
data was kindly granted by the Italian Social Security Institute as part of the VisitINPS Scholar Program.
The opinions expressed in this study are those of the authors. They do not purport to re ect the opinions
or views of the Italian Social Security Institute or its members.
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the distributional implications of such inequalities for the Italian pension system.

Previous studies have documented the existence of tangible disparities in longevity by
socio-economic status in Italy, especially among men (Lallo & Raitano 2018; Leombruni
et al. 2015), discussing the challenges they pose to the equity and the sustainability of
pension policies (Ardito et al. 2019; Caselli & Lipsi 2018; Mazzaferro et al. 2012). This
literature presents, though, three main limitations. First, research on lifespan inequalities
in the Italian population is overwhelmingly cross-sectional in nature. Analyses on the
evolution of longevity di erentials by socio-economic status are scant and yield mixed
conclusions (Costa et al. 2017; Luy et al. 2015). This gap is particularly relevant in the
light of the growing number of studies documenting widening inequalities in longevity by
socio-economic status in several OECD countries (Case & Deaton 2021; Sasson 2016).
Second, the literature on lifespan inequalities in the Italian context focuses exclusively
on life expectancy di erentials. As suggested by a growing strand of literature, though,
life expectancy alone does not allow to fully capture the mortality pro le of a given pop-
ulation, and of its evolution over time (Aburto et al. 2020). Speci cally, life expectancy,
which provides a concise and useful measure of average age-at-death, does not fully de-
scribe how deaths are distributed along the age distribution. In other words, it is not
informative about the uncertainty surrounding the length of human life. Indeed, the
relationship between “central longevity indicators' (Cheung et al. 2005), such as life ex-
pectancy, and variation in age-at-death is not straightforward. In fact, while historically
life expectancy and lifespan variation have been found to be inversely correlated, recent
evidence suggests that such relationship may not hold for all countries or population
subgroups (van Raalte et al. 2018). Monitoring bottaverageage-at-death andvariation

in age-at-death is thus crucial for gaining full insight about heterogeneity in population
health. Third, discussions about the distributional implications of di erential mortality

for the Italian pension system are not supported by evidence based on real employment
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and contributory histories. In fact, previous studies rely mostly on simulation exercises
or back-of-the-envelope calculations to illustrate the regressive e ects of unequal lifes-
pans (Caselli & Lipsi 2018; Mazzaferro et al. 2012). As such, little is known about the
real degree of redistribution implied by heterogeneity in longevity in the Italian pension

system.

In this study we address all of these points. First of all, we document the evolution of
life expectancy and lifespan variation by socio-economic status at 50 and at statutory
retirement age among individuals with an employment background in the private sector
in Italy. For this purpose, we rely on administrative data provided by the Italian Social
Security Institute (INPS), encompassing the universe of employment spells in the ltal-
ian private sector over years 1975-2017 and the universe of pension bene ts disbursed
by INPS between 1995 and 2017. We use these data to build two measures of lifetime
income, i.e. mid-career employment income and pension income, that we use as main
markers of socio-economic status. We also use the available data to construct a mea-
sure of socio-economic status based on broadly de ned occupational groups (blue-collar,
white-collar, executives). Using mortality records spanning nearly four decades, we then
show how lifespan inequalities have evolved over birth cohorts (1930-1957) and calendar
years (1995-2017) for the chosen socioeconomic categories of interest. We further exploit
the estimated cohort-speci ¢ mortality pro les to quantify the distributional implications

of longevity di erentials in the Italian pension system. Focusing on cohorts 1930-1950,
we contrast the distribution of individual pension wealth and of the internal rate of return

of pension contributions calculated under the assumption of homogeneous longevity with
the distribution one obtains by accounting for heterogeneous mortality along the lifetime

income dimension.

Our analyses con rm the existence of tangible disparities in life expectancy and docu-
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ment the existence of a clear socio-economic gradient also in terms of life span variation
among men. Moreover, they suggest that, in the case of men, the socio-economic gradient
in both life expectancy and lifespan variation has been worsening over the cohorts and
the years under consideration. Instead, we nd limited evidence of lifespan inequalities
among women, detecting no signi cant trends over time. We also show that the distribu-
tional implications of unequal lifespans for the pension system are tangible. In particular,
we document that the erosion in the pro tability of pension contributions implied by het-
erogeneous longevity is stronger for male retirees at the bottom of the lifetime income

distribution, and that such dynamics have become more pronounced over time.

The remainder of the study is organized as follows. In Section 3.2 we provide an overview
of the main strands of the literature we contribute to. In Section 3.3 we present the
datasets and the methodological approach we employ for deriving sex-speci ¢ mortality
pro les di erentiated by cohort/period and socio-economic status, together with the re-
sulting estimates. In Section 3.4 we evaluate the distributional consequences of longevity
di erentials within the Italian pension system. Finally, Section 3.5 concludes, discussing

the study results and limitations, together with venues for further research.

3.2 Background

This study integrates multiple strands of research on the evolution of lifespan inequali-
ties by socio-economic status, and about their policy implications. A rst strand of this
literature has focused on the evolution of life expectancy di erentials, particularly in the
US. Recent works are unanimous in concluding that the longevity gap in the US has been
rising over time, no matter how socio-economic status is measured. There is evidence of
increase in life expectancy di erentials by current income (Chetty et al. 2016), lifetime
earnings (Waldron 2007, Cristia 2009, Bosworth et al. 2016, Auerbach et al. 2017), and ed-
ucation (Pijoan-Mas & Rios-Rull 2014, Bosworth et al. 2016, Sasson 2016, Tan & Koedel
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2019). In Europe, research has concentrated mostly on trends in life expectancy di eren-
tials by education (Murtin et al. 2017) and (broad) occupational class (Mackenbach et al.
2019). Research about evolution in the longevity gradient along the earnings distribution
is less abundant, with some notable exceptions such as Denmark (Brgnnum-Hansen &
Baadsgaard 2012; Brgnnum-Hansen 2017) and Germany (Kiebele et al. 2013, Wenau et
al. 2019, Haan et al. 2020). For both countries, there is evidence of rising longevity gap by
current income and lifetime earnings. A second strand of literature has sought to analyze
the evolution of life expectancy di erentials jointly with disparities in lifespan variation.

As noted in the introductory section, lifespan variation encompasses a number of metrics
capturing the dispersion of the age-at-death distribution. While life expectancy re ects
the hypothetical average age-at-death in a population given its mortality pro le, lifespan
variation re ects the uncertainty surrounding such average. Although life expectancy
and lifespan variation have been historically inversely correlated (Vaupel et al. 2011), a
number of studies have shown that this relationship has been reversing in some countries
or population subgroups, generally as a consequence of mid-life mortality crises which
tend to display a clear socio-economic gradient (van Raalte et al. 2014; 2018). There is
evidence of widening disparities in lifespan variation, due to lack of or slower compres-
sion of mortality among the most disadvantaged socio-economic groups, in Finland (van
Raalte et al. 2014), in Denmark (Brgnnum-Hansen 2017), in Spain (Permanyer et al.

2018) and in the US (Sasson 2016).

For what concerns ltaly, researchers have documented tangible di erences in life ex-
pectancy by education and occupational class, especially among men. Linking data from
the 2011 Census with the Causes of Death Register (2012-2014), Petrelli et al. (2019)
document a 3-year gap in life expectancy at birth between low and high educated men,
and of 1.5 years in the case of women, in line with ndings from previous works (Costa

et al. 1994, Maccheroni 2008). Similarly, using social security data from INPS aggre-
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gated over years 1985-2012, Leombruni et al. (2015) nd a gap of 1.8 years in residual
life expectancy at 65 between former blue-collar workers and managers in the case of
men. Lallo & Raitano (2018) combine social security data from INPS with survey data
from the Italian 2005 EU-SILC module to estimate life expectancy at 60 by a measure
of socio-economic status that encompass former occupational class and household self-
reported economic conditions. Their estimates, based on mortality follow-up spanning
years 2005 through 2009, imply a di erence of 5 years in remaining life expectancy at
60 between individuals with opposite socioeconomic statuses. Analyses on the evolution
of longevity di erentials by socio-economic status are scanter and yield mixed conclu-
sions. Focusing on the population of Turin, in the North-East of Italy, Costa et al. (2017)
document that the longevity gap between individuals with low (primary) education and
high (university) education from the early 1970s through the early 2010s has remained
fairly constant at about 4-5 years for both men and women. Luy et al. (2015) apply
the orphanhood method using data from the multipurpose survey on “Family, welfare
institutions, and childhood conditions' conducted by the National Institute of Statistics
(Istat) in the years 1998 and 2003 to examine nation-wide trends in life expectancy by
education and occupational class over the 1980-1994 period. They observe an increase in
the longevity gap by education and occupational status at age 30 for men and a decrease
in the case of women, a pattern attributable to di erences in smoking habits. Belloni
et al. (2012) study the association between pension income, used as a proxy for lifetime
income, and mortality risk after 65 among Italian male retirees over the 1980s and the
1990s. While not estimating longevity di erentials directly, their analysis suggests that
the socio-economic gradient in old age survival remained stable for Italian male retirees
over the observed period, after accounting for regional di erences. As for the evolution
of disparities in lifespan variation, no evidence is available for Italy. Our twofold con-
tribution is thus to provide evidence about changes in both life expectancy and lifespan
variation by socio-economic status in Italy. To the best of our knowledge, we are also

the rst to examine trends in lifespan inequalities in Italy taking both a cohort and
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period approach. Analyzing mortality from both perspectives is particularly crucial for
informing public policies, notably pension policies. Indeed, previous studies from di er-
ent institutional contexts show that using period instead of cohort life expectancy in the
calculation of pension bene ts may create implicit subsidies which put the sustainability
and fairness of public pension systems at risk (Ayuso et al. 2020; Belloni & Maccheroni

2013).

Finally, our work speaks also to the literature about the distributional implications of

di erential mortality for social security programs. Evidence from the US suggests that
widening longevity di erentials have been increasingly o setting the progressivity built

in the Social Security bene t formula (Bosworth et al. 2016; Tan & Koedel 2019). Auer-
bach et al. (2017) estimate that diverging trends in life expectancy will cause the gap
between average lifetime programme bene ts received by men in the highest and low-
est lifetime earnings quintiles to widen by 130,000$ over cohorts born between 1930 and
1960. Research based on Germany, where pension bene ts have a stronger contribu-
tory link compared to the US, nds heterogenous longevity makes the pension system
regressive, and that regressivity has been sharpening across cohorts (Haan et al. 2020;
Whitehouse & Zaidi 2008). In lItaly, research e orts have concentrated on the distribu-
tional implications of di erential mortality under notional de ned contribution pension
rules, which will fully apply to cohorts born after the mid-1970s. Mazzaferro et al. (2012)
run micro-simulations to compare pension contributions' pro tability under de ned ben-

et (DB) and notional de ned contribution (NDC) pension rules for a representative
sample of the Italian population consisting of individuals born between 1975 and 2000.
Using cohort-invariant mortality rates di erentiated by education, they show that while
NDC rules improve inter-generational fairness, as compared to DB rules, they also imply
redistribution from low to high socio-economic status individuals as they fail to account

for heterogeneity in survival. Caselli & Lipsi (2018) use education-speci ¢ cross-sectional

99



mortality data from the Italian National Institute of Statistics (ISTAT) to evaluate redis-
tribution patterns across education levels under the Italian NDC scheme. Their analysis
con rms that regressive distributional dynamics along the educational dimension are size-
able, and that they tend to become more accentuated as retirement age increases. We
integrate previous studies by analysing the distributional implications of sex-, cohort-
and lifetime income-speci ¢ mortality pro les for a large sample of Italian retirees born
between 1930 and 1950. Unlike previous works, which rely on simulation exercises, we
use high quality administrative data which enables us to reconstruct real employment

and contributory biographies.

3.3 The evolution of lifespan inequalities among the

over 50 in Italy

3.3.1 Data

We rely on two main sources drawn from the INPS archives. First, we make use of
annual data taken from theDichiarazioni UniEmens archive, which covers the universe

of private employment spells in Italy between 1975 and 2017. Second, we employ annual
data from the Casellario Pensioniarchive, which gives access to the universe of all types
of pension bene ts disbursed by pension schemes supervised by INPS between 1995 and
2017. A major drawback of INPS data is the paucity of information about personal
characteristics. We notably lack information about education, family status, and other
family background characteristics. Information about place (province) of residence and
marital status is available for bene ciaries of pension bene ts only. For the latter, we
can also match across spouses for years 1995 through 2017. For each individual in the
INPS archives, we have information about month and year of birth and, when applicable,

death (updated to 31 December 2018).
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3.3.1.1 The Dichiarazioni UniEmens archive

The Dichiarazioni UniEmens archive reports detailed information about the universe of
private employment spells registered in Italy since 1975. Our observation period ends
in 2017. For each spell, we have information about gross earnings, the number of days,
weeks, and months worked, the broad occupational category (blue-collar, white-collar,
middle-manager, manager) and the kind of job contract (full-time versus part-time).
We also have information about periods of absence from work due to family/parental
leaves, sickness/injury, temporary suspension/reduction of working activities covered by
the Wage Guarantee Fund Cassa Integrazione Guadaghi Our original dataset consists

of 306,930,929 observations, relative to 21,966,659 individuals. We use Ehehiarazioni
UniEmens data to classify individuals by socio-economic status along two dimensions:
employment income and broad occupational category, both measured at mid-career time
(ages 45-49). As far as income is concerned, for each individual we calculate the in ation-
adjusted average of non-zero gross employment earnings between ages 45-49, which we
take as a proxy for lifetime income following the approach of previous studies (Auerbach
et al. 2017; Bosworth et al. 2016; Milligan & Schirle 202%1). It is important to stress
that our data do not allow to distinguish periods of missing earnings due to inactivity
or unemployment, self-employment, work under social security schemes not managed by
INPS (e.g. public employment), or informal work. By relying solely on calendar years
with positive earnings, we intend to construct a measure of earnings potential (lifetime
income) which is not a ected by unemployment, severe health problems, or missing infor-
mation on earnings from work not covered by our data. We then classify individuals into
lifetime income quintiles based on the distribution of their birth cohort, considering men

and women separately. As for occupation, we assign individuals to the prevalent occu-

1According to the economic literature on the inter-generational transmission of income inequality
(Haider & Solon 2006), the age window which allows to minimize the life-cycle bias in the computation
of lifetime earnings is lower than the one used in this study. For the Italian context, Bloise & Raitano
(2021) nd, for instance, that life-cycle bias is reduced if individuals are observed when they are around
35 years old. For the sake of comparison, though, we opted for sticking to the age window employed by
previous works on mortality di erentials by lifetime earnings.
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pation category recorded between ages 45-49, distinguishing between blue-collar workers

(operai), white-collar workers (mpiegati) and managers dirigenti).?

We restrict our analysis to individuals born between 1930 and 1957, for whom we can
observe earnings and occupation between ages 45-49 and perform a mortality follow-up
of at least ten years. Since we are interested in analyzing mortality after 50, we drop
individuals who die before 50. Our nal sample includes 6,949,246 individuals, 4,842,306
men and 2,106,940 women. Table 3.1 summarizes the steps taken in the construction of
the sample, while Table 3.2 reports the distribution of the sample by cohort, together with
survival information as of 2018. To get a sense of the evolution of lifetime income across
cohorts, we plot trends in in ation-adjusted average permanent earnings by sex and year
of birth in Figure C.1 (Appendix C). For men, average lifetime income increase steadily
for cohorts born between 1930 and the mid-1940s. It stalls and then declines for later
cohorts who were a ected by the crisis of 1992 and by the recession of the early 2000s.
Women, who record substantially lower lifetime income compared to men, experience a
constant increase in average permanent earnings, except for later cohorts. As suggested
by Figure C.2, which plots average permanent earnings by quintile and birth cohort, for
men and women separately, the rise in average permanent earnings was driven mostly
by individuals at the top of distribution, both for men and women. As for descriptive
statistics by occupation, Tables C.2, C.3 and C.4 report the distribution of prevalent
occupational position, by sex and year of birth, respectively. The most salient aspect is

the scarcity of women among managers, especially in the case of earlier cohorts.

3.3.1.2 The Casellario Pensioni archive

The Casellario Pensionidataset reports information about the universe of pension ben-

e ts disbursed by INPS between 1995 and 2017. For each pension benet, we have

2The Italian labour law envisages a fourth broad occupational class consisting of white-collar employ-
ees with quasi-managerial responsibilitiesquadri in Italian). Since this class is numerically residual and
was introduced after 1985, we do not include it in our analysis.
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information about the gross annual amount, the date in which the pension ow started,
the date in which the pension ow ended (if this occurs by the end of 2017), the type
of pension (old age, seniority, disability, etc.), the INPS pension scheme, and the years
of contributions. We consider bene ciaries of pension bene ts disbursed by INPS major
pension scheme, i.e. FPLDRondo Pensioni Lavoratori Dipendent), which represents
the (public) pension scheme of private sector employees. We do not consider retirees cov-
ered by pension schemes for the self-employed, encompassing craftsmen, shop-keepers,
and farmers, as for these categories pension represents a poor proxy of lifetime income
(Belloni et al. 2012)2 However, we consider former employees who also receive self-
employment pension bene ts if the latter represent a minor share<(50%) of their total
pension income. We focus on bene ciaries of old-agee¢chiaig, seniority (anzianita)

and early-retirement (prepensionamentd pension bene ts, which are most clearly related

to individuals' working life. We select individuals born between 1910 and 1950, who
retired by and survive to age 67, which currently represents the statutory retirement age
for calling old-age pension bene ts. Since individuals belonging to these cohorts can be
expected to retire at age 67 at the latest, age 67 is also the earliest age for which we can
observe an entire distribution of pension bene ts disbursed in each calendar year. We
choose to focus on individuals born from 1910 onward because of the high proportion
(> 20% of retirees with null or missing pension income among the older cohorts. We
further select individuals who retired under de ned-bene t or mixed (de ned-bene t and

de ned-contribution) pension rules (further details below). Our nal pensioners' sample

includes 7,260,404 individuals 3,755,130 men and 3,505,274 women.

For each calendar year, we classify individuals into quintiles of pension bene*sAs-

3This is due to historically low contribution rates impinging on self-employed workers as compared
to employees.

4The distribution of pension benets in the case of women appearing in theCasellario Pensioni
archive is strongly concentrated, particularly around minimum pension values. In order to assign women
to pension quintiles, we add to each individual pension income a random amount between +5 and -5
euro.
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signing individuals to pension bene t quintiles raises two main issues. First, to de ne
quintiles consistently, one should ideally consider pension benets drawn at a specic
reference age, such as statutory retirement age. In our case, this can be done only par-
tially, since retirees belonging to older cohorts can be observed for the rst time well
after statutory retirement age. We thus proceed as follows. In the case of individuals
born from 1928 onward, we consider pension bene ts collected at age 67. In the case of
individuals born between 1910 and 1927, instead, we consider pension bene ts collected
at age attained in 1995 (our rst year of observation), and use cut-o values from the
pension bene ts distribution at age 67 of cohort 1928. Second, pension rules changed
repeatedly, and signi cantly, over the period of analysis. The rst major change occurred
with the Dini reform in 1995, which determined a slow transition from de ned-bene t
(DB) to notional de ned-contribution (NDC) pension rules.® Indeed, the phase-in pe-
riod of the Dini reform was set to be very gradual. Workers with at least 18 years of
contributions as of December 1995 were fully una ected by the reform. Instead, those
with a shorter contributory record were to be a ected on apro rata basis, the weight

of DB depending on the ratio between pre-1995 to the overall contribution period upon
retirement. The second major change occurred in 2011, with the so called Fornero reform,
which accelerated the transition to full NDC rules, introducing apro-rata contribution

for all workers starting from January 1, 2012. In other words, all pensions awarded from
this date onward have an NDC component, regardless of the 18-year contribution period
mentioned above. Over the period of analysis (1995-2017), retirees may thus belong to
four main groups: (i) those who retired by 1995 fully under de ned-bene t rules, (ii)
those who retired between 1996 and 2011 fully under de ned-bene t rules having accu-

mulated at least 18 years of contributions as of December 1995, (iii) those who retired

SUnder the de ned bene t pension regime, pension bene ts are determined multiplying pensionable
earnings by the number of working years and by an accrual rate. Under the NDC regime, contributions
are ( ctitiously) accumulated in an individual fund, and are re-evaluated in line with a moving average
of GDP growth. Pension bene ts are then computed by multiplying the re-evaluated contributions by a
coe cient which depends on remaining life expectancy at retirement. Such coe cients are neutral with
respect to gender and other relevant socio-economic characteristics, but they are periodically updated
to account for changes in o cial life expectancy projections.
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between 1996 and 2011, under a mixeg@rp-rata) regime having accumulated less than
18 years of contributions as of December 1995, (iv) those who retired between 2012 and
2017 under a mixed [pro-rata) regime. To account for di erences in pension calculation
formulas over the period of interest, we assign quintiles for those who retired fully under
de ned-bene t and mixed regime separately. Table 3.3 shows the distribution by calen-

dar year and pension regime, for men and women separately.

To gain insights about the di erence implied by the two calculation mechanisms (de ned-
benet vs mixed regime), in Appendix C we report the evolution of median in ation-
adjusted annual gross pension amount at age 67 for cohorts born from 1928 onward,
distinguishing pensioners who retired under de ned-benet rules from the rest of the
sample. Figure C.3 plots trends for FPLD male and female pensioners, respectively.
As one can notice, the di erence implied by the calculation mechanism is particularly
relevant in the case of women, who are clearly penalized by de ned-contribution due to

shorter/more fragmented careers and lower contributory amounts.

3.3.2 Methods

3.3.3 Period vs cohort mortality

We construct period- and cohort-based mortality pro les for di erent socio-economic
groups depending on data availability. In the period-based approach, one considers the
mortality experienced by individuals belonging to a given population (a "synthetic' co-
hort) during a given period of time (e.g. a calendar year). In its most straightforward
interpretation, period life expectancy measures the average lifespan that would prevail
in the long run if the observed mortality conditions were held xed. In the cohort-based

approach, instead, one considers the mortality experienced by individuals belonging to

6We ignore individuals who retired fully under de ned-contribution rules given their paucity during
the period of interest.
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the same birth cohort as the cohort ages. Cohort life expectancy thus measures the av-
erage lifespan that an individual belonging to a given cohort can be expected to live.
While more suited to capture changes in mortality over time, the cohort-based approach
is rarely adopted to track progresses in longevity. A major explanation for this lack of
popularity owes to timeliness. Indeed, one needs a cohort to die out in order to compile
its full mortality pro le, which implies waiting at least a hundred years before being
able to compute life expectancy for any given cohort (Guillot & Payne 2019). In this
paper, when studying lifespan inequalities from a cohort perspective, we thus resort to

projections based on observed, albeit incomplete, cohort mortality pro les.

3.3.3.1 Measuring lifespan variation

The demographic literature o ers an array of indices of lifespan variation, which tend to
be all highly correlated (van Raalte & Caswell 2013). In this paper, we opt for lifetable
entropy, H, which measures the elasticity of life expectancy with respect to mortality
rates (Demetrius 1978; Key tz 1977; Key tz & Golini 1975; Leser 1955) and which has
been used to study the evolution of lifespan inequality (Aburto et al. 2020). As shown

by Goldman & Lord (1986) and Vaupel (1986)H can be expressed as follows:

e'(a)
e(a)

H(a) =

wheree¥(a) = de)d(x)dx, also known as ‘life disparity’, denotes the number of years
lost to death at agea, and e(a) denotes life expectancy at aga. As one can note,e’
is computed as the weighted average of the distribution of remaining life expectancies,
e(x), where the weights are given by the distribution of lifetable deathsi(x). H is
a dimensionless indicator, ranging between 0 and 1, whare= 1 and H = 0 indicate,
respectively, maximum and null dispersion. As suggested by Alvarez et al. (2020), lifetable

entropy is preferable to other indices of lifespan variation if one needs to compare lifespan
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variation at di erent ages. One reason is that lifetable entropy is, as said, a dimensionless
indicator, as it does not depend on the level of mortality. In addition, unlike absolute
measures of lifespan variation, such as life disparity or standard deviation, it does not
hinge on the starting age of calculatiora. Both properties are particularly useful if one

needs to evaluate the distribution of lifespan at di erent starting ages, as in our cage.

3.3.3.2 Cohort life tables by mid-career income and occupational class

We construct life tables starting from age 50 by mid-career employment income and
broad occupational group for cohorts born between 1930 and 1957, using data from the
Dichiarazioni UniEmens dataset described in Section 3.3.1.1. We focus on individuals
who survive to age 50, following them until 2018 or until the year of death, if this occurs
earlier. Our data imply that we can construct heterogeneously incomplete mortality
pro les across cohorts. Indeed, while we can observe individuals born in 1930 until age
88, for those born in 1957 the follow-up extends up to age 61 only. We tackle this issue by
projecting mortality rates until 89 based on Gompertz' Law (Gompertz 1825), following
the approach adopted by Chetty et al. (2016). The Gompertz' Law posits a log-linear

relationship between mortality, M, and age,x, that is:

INn(My) = o+ 1X (3.1)

Such relationship has proved to hold well to ages as old as 90 (Gavrilov & Gavrilova
2011). To build complete cohort mortality proles we proceed as follows. First, we
compute observed cohort mortality rates, by sex and socio-economic group, using data
on deaths count and population exposure. Speci cally, for cohorts born before 1943, we
calculate observed mortality rates from 50 through 75, while for cohorts born from 1943

onward we calculate observed mortality rates from 50 through the last observable age:

"Despite its many useful properties, lifetable entropy is not readily amenable to within- and between-
group decomposition. For this purpose, other kind of metrics of lifespan variability, such as the Theil
index, could be considered (Permanyer et al. 2018).
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Dycr.
Musge = PXX::’: 8x 2 f50;:::; ag (3.2)

where the subscriptsx; s; g; ¢ denote, respectively, age, sex, socio-economic group, and
birth cohort, with a = 75 for cohorts 1930-1942 and = 2018 c for cohorts 1943-
1957. M denotes the mortality rate, computed as the ratio between deaths counD,

and population exposure,P, measured in terms of person-years lived. We use the ob-
served mortality rates to estimate Gompertz' parameters, and ; through ordinary
least squares. For cohorts born before 1943, we estimate Gompertz' parameters between
50 and 75, while for cohorts born from 1943 onward we estimate Gompertz' parameters
between 50 and the last observable age. We then usgand " to project mortality
rates from agea to age 89, ad\ X:S:0:c = e'o* "1x_ After 89, we apply age- and sex-specic

mortality rates based on the Italian population taken from ISTAT referring to year 2018.

We build cohort life tables for each subgroup starting from mortality rates by applying
standard lifetable techniques (Wachter 2014), from which we extract lifespan indicators
of interest, i.e. life expectancy and lifetable entropy. To build con dence intervals for life
expectancy and lifetable entropy estimates, we draw new Gompertz parameters from a
multivariate normal distribution with the means and covariance matrix obtained directly
from the ordinary least squares estimation procedure for each sex, socio-economic group
and cohort combination (Chetty et al. 2016). We make 1,000 draws for each sex, socio-
economic group and cohort combinatioi. We then form our con dence intervals using
the 2.5th and 97.5th percentiles of the resulting life expectancy and lifetable entropy

distribution for each combination of interest.

8In other words, we perturb estimated Gompertz coe cients in order to build 1,000 life tables for
each sex, socio-economic group and cohort combination.
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3.3.3.3 Period life tables by pension income

We construct period life tables by pension income quintile starting from statutory re-
tirement age, currently set at age 67, for calendar years 1995-2017, using data from the
Casellario Pensioniarchive, described in Section 3.3.1.2. As said, we keep bene ciaries of
old-age {recchiaig, seniority (anzianita) and early (pre-pensionamentd pension bene ts,
born between 1910 and 1950, who retired by 67. After such age, we can expect most
individuals to be retired. Our data allow us to follow the selected individuals from 1995
to 2017 or until the year of death, if this occurs earlier. This implies that we can track
mortality from age 67 to age attained in 2017 for those born from 1928 onward, and from
age attained in 1995 to age attained in 2017 for those born prior to 1928. The nature
of these data makes cohort-based analysis poorly suitable for studying the evolution of
lifespan inequalities at pensionable age. Indeed, for younger cohorts, i.e. those born from
1928 onward, the age span over which one may estimate reliable Gompertz' parameters
for further projections is too limited, if not null, while for older cohorts, i.e. those born
prior to 1928, we are unable to observe mortality at 67. For these reasons, we adopt
a period-based approach, implementing the following steps. First, for ages 67 through
85, we compute sex-, age-, and pension income quintile-speci ¢ mortality rates for each
calendar year, as the ratio between deaths count and population exposure (person-years

lived):

D . 8x 2f67:::85 (3.3)

M x;s;q;t —

Px;s;q;t

where the subscripts;s; q; t denote, respectively, age, sex, pension income quintile, and
calendar year. We compute mortality rates based on observed data until 85 only, as this
is the oldest age for which mortality is observable in 1995. We then use the observed mor-
tality rates to extrapolate mortality rates at older ages (85+) by applying the Kannisto

model, which is best suited for approximating mortality at very old ages (Thatcher et al.
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1998). According to the Kannisto model, mortality at older ages can be approximated

as follows:

eX

MX:1+eX

(3.4)
We t the Kannisto model through ages 75-85 and estimate parametersand through
maximum likelihood for each sex, quintile and calendar year combination (see Appendix
C.1), and use the estimated Kannisto parameters to extrapolate mortality rates from 86
to 120. We build sex-specic period life tables for each pension quintile and calendar
year starting from mortality rates. We estimate con dence intervals for life expectancy
and lifetable entropy estimates by bootstrapping using Monte Carlo simulation methods,
assuming deaths count follow a binomial distribution (Andreev & Shkolnikov 2010; Chi-
ang 1984). Since the&asellario Pensionidataset reports also information about pension
bene ciaries' place (province) of residence, we construct sex-speci c period life tables
by pension quintiles both at the national and at the regional level. When constructing
regional-level life tables, we assign individuals to pension quintiles based on region-speci ¢

pension distribution.

3.3.4 Lifespan inequalities at 50
3.3.4.1 Main results

In this section, we show how lifespan inequalities at 50 by socio-economic status have
evolved over cohorts 1930-1957. Figures 3.1 and 3.2 display the evolution of life ex-
pectancy at 50, by lifetime employment income and occupational group, for men and
women separately. Point estimates for each sex and socio-economic group have been
averaged by decade of birth (single-cohort life tables are reported in Appendix C). Re-
sults by lifetime income yield two main ndings. First, there is a clear gradient in life

expectancy in the case of men, which turns to be widening across cohorts, notably for

110



individuals at the bottom of the distribution. Indeed, the gap in life expectancy at 50
between top and bottom quintile rises from approximately from 3 to 4.5 years comparing
men born in the 1930s and in the 1950s. For women, on the contrary, we do not observe
a clear gradient in life expectancy across the lifetime income distribution. Di erences
across quintiles are minimal and statistically not signi cant, as shown by overlapping
con dence intervals. Results by broad occupational class yield a slightly di erent pic-
ture. We document a steep gradient in the case of men, which is stable across selected
cohorts. Speci cally, white-collar and managers boast an advantage of about 2 and 4.5
years respectively as compared to blue-collar workers. A modest gradient appears also in
the case of women. Still, estimates come with considerable uncertainty, as suggested by
the width of con dence intervals. Figures 3.3 and 3.4 display the evolution of lifetable
entropy at 50, by lifetime employment income and occupational group. In the case of
men, we observe a clear gradient, which appears to be widening across cohorts, along
both lifetime income and occupational group. In the case of women, we nd a small
gradient when measuring socio-economic status by occupational group, while di erences

across the income distribution remain negligible.

3.3.4.2 Sensitivity analysis

Our estimates of life expectancy and lifetable entropy at age 50 by lifetime employment
income and occupation depend on Gompertz parameters which, for cohorts born from
1943 onward, are estimated over di erent age ranges. It is thus possible that widening
inequalities observed by income in the case of men are due to selection e ects rather than
by truly worsening survival disparities. We address this issue in a twofold way. First,
we calculate survival probabilities over ages 50-61, as this is the age range over which we
can observe mortality for all the selected cohorts. Results, reported in Appendix C, are
in line with those presented in the previous section. As one can see from Figure C.6, for

individuals born in the 1930s, the di erence in the probability of surviving to 61 at age
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50 at the bottom and at the top of the permanent earnings distribution is about 2.5pp.
For individuals born in the 1950s, the di erence raises to 3.5pp. Likewise, Figure C.7
con rms the stability of survival di erentials along the occupational dimension. Second,
we construct cohort life tables based on observed mortality rates only. Speci cally, for
all cohorts born after 1928, we replace unobserved mortality rates until age 89 with those
from the closest cohort for which such mortality rates are observed. For instance, we
replace unobserved mortality rate at age 89 of cohort 1929 with that observed for cohort
1929. Similarly, we replace unobserved mortality rate at ages 88 and 89 of cohort 1930
with those observed for cohorts 1928 and 1929 respectively, etc. Also in this case, results
are qualitatively in line with those discussed in Section 3.3.4.1, both for mid-career earn-

ings and occupational position (see Figure C.8 and Figure C.9).

Another issue arises from the presence of individuals with relatively low attachment to the
labour market, at least in terms of private employment. Indeed, about 23% of individuals
in the Dichiarazioni Uniemens dataset are observed for less than 4 years between ages
45-49 (Table C.1). These might be individuals who alternate periods of dependent and
autonomous work, or who transition back and forth between formal and informal work, or
move into or out of the public sector. These might also be individuals who leave the labour
market for family or health reasons or who migrate abroad. In all these cases, average
employment income between ages 45-49 measurable through Ehehiarazioni Uniemens
dataset might be a poor proxy of permanent earnings. It is possible, for instance, that
people in the bottom mid-career income quintile are individuals with low labour market
attachment due to poor health or family issues. To attenuate these concerns, we repeat
our analysis by dropping individuals who are observed for less than 4 years between 45
to 49 in the Dichiarazioni Unienemsdataset. This leaves us with a sample of 5,373,049
individuals, 3,876,087 men and 1,496,962 women. Results, presented in Appendix C, are

analogous to baseline ones, for both men and women (Figure C.10 and Figure C.11).
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The same holds when performing such sensitivity analysis on results relative to prevalent

mid-career occupational position (Figure C.12 and Figure C.13).

3.3.5 Lifespan inequalities at statutory retirement age
3.3.5.1 Main results

Figure 3.5 and Figure 3.6 display the evolution of life expectancy and lifetable entropy

at 67 by pension income at the national level for former private employees (FPLD), over
calendar years 1995-2017, grouped by 5-year periods (3-year in the case of 2015-2017;
estimates by single calendar year are reported in Table C.9 to Table C.12). We observe a
widening gradient both in life expectancy and lifetable entropy by pension quintile among
men. Over the examined period, the gap in LE at 67 between male FPLD pensioners at
the top and the bottom of the pension income distribution doubles. Instead, we observe
no such a gradient among women. If anything, female FPLD pensioners at the bottom

of the pension income distribution appear to fare better in terms of both average and
variation in age-at-death compared to counterparts at the top of the pension income dis-

tribution.

We exploit the information about pensioners' province of residence to check whether
such trends apply to the whole country. Figure 3.7 and Figure 3.8 plot the di erence
in life expectancy at 67 between individuals located at the top and at the bottom of
the pension income distribution, for men and women separately, across Italian regions,
in 1995-1999 and in 2015-2017. A few results stand out. First, among men, the life
expectancy gap is larger among Northern than Southern-Central regions, with the notable
exceptions of Molis€. It is noteworthy, though, that the life expectancy gap among men

has widened in most Italian regions when comparing 1995-1999 to 2015-2017. In the case

®Northern regions include Valle d'Aosta, Lombardia, Piemonte, Liguria, Veneto, Trentino Alto-Adige,
Friuli-Venezia Giulia, Emilia-Romagna; Central regions include Toscana, Lazio, Umbria and Marche;
Southern regions (including Islands) include Abruzzo, Molise, Puglia, Campania, Basilicata, Calabria,
Sicilia and Sardegna.
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of women, region-level analysis con rms that di erences in life expectancy at the top
and at the bottom at the income distribution among women are mostly negligible (1
year), and that in some regions women at the bottom of the pension income distribution
can expect to livelonger than women at the top of the income distribution. Although
some regions display some visible changes when comparing life expectancy di erences in
1995-1999 against 2015-2017 (e.g. Marche and Valle d'Aosta), we detect no clear trend
in the evolution average lifespan disparities among female retirees across Italian regions,

consistently with nation-level results.

3.3.5.2 Sensitivity analysis

A possible explanation for the lack of a clear gradient in both life expectancy and lifes-
pan variation among female FPLD retirees is that pension income is a poor proxy of
socio-economic status for this category of women. It is possible, for instance, that women
at the bottom of the pension income distribution are women who could a ord to hold

low-paying jobs or to opt for fragmented careers based on the availability of household

resources.

A rst way to test for this hypothesis is to restrict the analysis to women with pension
income above the minimum in each calendar yedy i.e women whose pension income
could be more revealing of socio-economic status. Still, (nation-level) results reported in
Figures C.14 and C.15 in Appendix C are qualitatively and quantitatively analogous to
those presented in the previous section, with no statistically discernible socio-economic

gradient in both life expectancy and lifespan variation among female retirees.

An alternative approach is to relate women's post-retirement mortality to husbands' pen-

sion income, which serves as a proxy for household resources. For this purpose, we exploit

10The pension minimum for calendar years 1995-2017 is reported in Table C.14.
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the possibility of matching across spouses appearing in tl&asellario Pensioniarchive.
Since the latter keep tracks of pension bene ts disbursed between 1995 and 2017, we can
only focus on female FPLD pensioners married to FPLD bene ciaries of old-age/seniority
pension bene ts who were still alive in 1995. We restrict our analysis to women turning
67 between 1995 and 2017, i.e. those born from 1928 onward. We perform a mortality
follow-up which extends up to 2017, or until their year of death, if this occurs earlier.
We apply logistic survival analysis where yearly mortality risk of female FPLD pension-
ers is regressed against husband (cohort-speci c) pension quintile, own (cohort-speci c)
pension quintile, year of birth, age di erence with respect to husband, widowhood sta-
tus, macro-region of residence, and macro-region of birth. We opt for not imposing any
constraint on the baseline hazard. That is, we include in the model as many dummies
as the maximum survival time observed. Since the earliest and last year of observation
are 1995 and 2017 respectively, the maximum survival time is 23 years. Table 3.4 reports
the results, in terms of odds ratios. Two ndings stand out. First, in line with results
presented in Section 3.3.5.1, we nd that women's post-retirement mortality correlates
positively, albeit non linearly, with their own pension quintile. Women in the top pen-
sion quintile display a post-retirement mortality risk which is 16.5% higher than women
in the bottom pension quintile, ceteris paribus Second, we document the existence of
an inverse relationship between women's post-retirement mortality and husband's pen-
sion income, which appears in particular at the top of the distribution. Women whose
husbands locate in the respective top pension quintile have a post-retirement mortality
risk which is 12% lower than women whose husbands locate at the bottom of the male
pension income distribution,ceteris paribus While data do not allow to properly study
lifespan inequalities by spouse's income, these ndings question the limited, if not inverse,
socio-economic gradient in health and longevity among elderly women documented in the
previous section, as well as in previous works (Leombruni et al. 2015), based on women's

own income and occupatior?

1\Wwe also analyze association between men's port-retirement survival and wife's pension income. We
nd a negative association between men's mortality and wives' pension quintile, but for men whose wives
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3.4 The distributional implications of longevity dif-
ferentials

In this section, we evaluate the distributional consequences of longevity di erentials
within the Italian pension system. We focus on individuals born between 1930 and
1950 who retired under the private employees' pension scheme (FPLD). The frequency
of changes in pension rules over the last decades in Italy, brie y outlined in Appendix
C, poses some challenges. In particular, it makes di cult to disentangle changes in dis-
tributional dynamics due to changes in longevity di erentials across birth cohorts, as
individuals may face di erent retirement conditions depending on the retirement tim-
ing. While most individuals in cohorts 1930-1950 had their pension computed under
de ned-benet rules, policy changes touching upon the contributory/age requirements,
the reference period for the calculating pensionable earnings and the indexation mech-
anism, may imply that important discontinuities in retirement conditions exist within
and between birth cohorts. With this caveat in mind, we proceed as follows. We rst
reconstruct the contributory biographies of a large sample of FPLD retirees based on the
Estratti Conto INPS archive. The Estratti Conto archive allows to track the contribu-
tory history of private sector workers covered by INPS-managed social security schemes.
The Estratti Conto dataset provides a detailed record of all episodes in one's working life
covered by INPS social security contributions: employment/self-employment job spells,
parental/family leaves, sickness/injury episodes, unemployment spells covered by social
bene ts. Thus, compared to theDichiarazioni Uniemens the Estratti Conto allow to
track spells falling outside the scope of private employment episodes. We then relate con-
tributory histories to observed/estimated pension ows in order to evaluate distributional
dynamics across the chosen cohorts. We look at two main measures: pension wealth at
retirement (PW) and the internal rate of return of pension contributions (IRR). To iso-

late the distributional implications of longevity di erentials, we compare the distribution

locate at the top of the female pension distribution (Table C.13).
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of PW and IRR based on cohort-, sex- and lifetime income quintile-speci ¢ mortality
pro les previously estimated, with the distribution of PW and IRR based on cohort- and

sex-speci ¢ mortality pro les, averaged across all lifetime income quintiles.

3.4.1 Data and methods
3.4.1.1 Pension contributions

We have access to the contributory histories, reported in thEstratti Conto archive, of a
random sample of 260,584 FPLD retirees, who appear as recipients of old age, seniority
or early retirement pension benets in any year between 1995 and 2017 in tiasel-
lario Pensioni archive!? Out of this initial sample, we select individuals born between
1930 and 1950 who could be assigned to cohort-speci c lifetime income quintile based on
average gross employment earnings observed at ages 45-49 as recordBichiarazioni
Uniemens (Section 3.3.1.1). We further focus on the subset of stable workers, i.e. in-
dividuals who whose contributory history, as tracked by thdstratti Conto dataset, does
not contain substantial gaps ¢ 5 years). We end with a nal sample composed of 97,321
individuals (69,241 men and 28,180 women). Table 3.5 recapitulates the steps taken in

the construction of the sample.

The Estratti Conto archive presents two major limitations for our purposes. First, for
each contributory spell it does not report the amount of contributions, but only the so-
cial security taxable base, i.e. gross earnings. For this reason, we focus on contributory
spells falling under the FPLD fund, as for the latter reliable information on historical
contributory rates is made directly available by INPS (Figure C.4). Second, thEstratti
Conto archive provides reliable information about the social security taxable base from
1974 onward. Prior to 1974, information about gross earnings is missing for most con-

tributory spells. This means that for most cohorts we have only a partial overview of

2Individuals were randomly selected on the basis of their unique identi er, conditional on appearing
in the Casellario Pensioni as recipients of old age, seniority and early retirement pension bene ts.
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individual lifetime earnings pro les, and consequently of their contributory biographies.
In order to construct a measure of contributions paid over one's entire working life, which
is crucial for our distributional analysis, we need rst of all to impute gross earnings for
years prior to 1974. This implies we need also to impute the age at which individuals
start working for those who enter the labour market prior to 1974. For this purpose, we
exploit information about years of contributions available for each FPLD retiree. Fol-
lowing Brugiavini & Peracchi (2003), we impute gross annual earnings for years prior to
1974 by tting a simple xed e ects model for the logarithm of gross earnings, using age
and the years of contribution as predictors, where age enters as a cubic polynomial while

years of contribution enter linearly. The model looks as follows:

log(Earnings), = o+ 1Agg + LAQE: + sAgel + 4Years of contributiong +  +

(3.5)

where subscriptsi and t identify individuals and years, respectively, and ; identi es
individual xed e ects. We t the model separately for men and women through ages
24-60 focusing on full-year, in ation-adjusted earning$® Table 3.6 reports the estimated
regression coe cients, that we use to impute earnings for years prior to 1974. Figure
C.5 plots the life cycle earnings pro le predicted by the model, for men and women
separately. The implied growth rate of full-year earnings declines with age, the earnings
level attening around 50. Finally, for each retiree, we estimate the amount of individual
contributions in each year by multiplying the imputed/observed annual gross earnings by

the relevant contribution rate.

13That is, for each observation we exclude rst and last year in the sample to account for the fact that
people typically work only part of the year they enter / exit the sample. The model is estimated through
ages 24-60 as 24 is the rst age observed in the Estratti Conto for individuals born in 1930-1950, and
average retirement age for individuals in the sample is below 60.
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3.4.1.2 Pension wealth

Pension wealth at retirement (PW) can be expressed as the sum of pension bene ts

received from retirementR until the expected age of deatT :

PW, = Pis (3.6)

where pis represents pension bene ts received by individual at age s, R is the age at
retirement, and T is the expected age of death at retirement. Since the period coverage of
Casellario Pensionistarts in 1995, we calculate pension wealth of individuals who survive
to age 65, as this is the rst age at which individuals born in 1930 can be observed in
the dataset. We are able to calculate pension wealth at retirement for 93,260 individuals
(Table 3.5). Since we have information about gross annual pension bene ts from 1995 up
to 2017, and there are some individuals who retire before 1995 and are still alive at the
end of 2017, we must estimate the stream of individual pension bene ts before 1995 and
beyond 2017. For years prior to 1995, we discount annual pension bene ts received in
1995 by the average growth rate of pension bene ts observed from 1995 onward for each
individual. For years between 2018 and 2021, we let annual pensions to grow following
the o cial indexation schedule provided by INPS* After 2021, we assume that the
same indexation schedule of 2021 holds, with an in ation rate of 1.5%. Finally, we
discount compound/discount all pension benets to the year 2019 with the consumer

price index/projected in ation.

4pension bene ts in Italy are indexed to price in ation since 1993. The indexation rate is not homo-
geneous, but it depends on pension amount. Pensions below a certain threshold, de ned as three times
the minimum pension, are indexed perfectly. Pensions above the threshold are indexed only partially,
at a decreasing rate. For each individual, INPS considers the relevant indexation rate based on the sum
of all pension bene ts, including disability pension benets, survival pension benets, etc. Here, we
make the simplifying assumption that individuals receive old-age, seniority and early retirement pension
bene ts only.
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3.4.1.3 Internal rate of return

From an individual perspective, pension wealtlper seis not informative about the prof-
itability of pension contributions. For this purpose, one needs a measure which allows
to compare lifetime contributions with expected pension bene ts. Here, we opt for the
internal rate of return (IRR). The IRR can be seen as the interest rate that should apply
on contributions for generating enough funds to ensure the pension ow from retirement
until the (statistical) death of the individual. In practice, the IRR is the interest rate r
that equalizes the stream of pension contributions paid over one's working life and the

expected stream of pension bene tp at retirement R:

R 1 Xi
Ce(l+r)fit=

t=a

Pis

s=R; (1+ ri)S Ri (3.7)

where ¢; is the contribution paid by individual i at aget, ps is the pension benet
received at ages, r; is the internal rate of return, a is the age at entry in the labour
market, R; is the age at retirement, andT; is the expected age of death at retirement.
An alternative to IRR is represented by the net present value ratio (NPVR), de ned as
the ratio between the present value of pension bene ts and the present value of lifetime
contributions (Mazzaferro 2019; Mazzaferro et al. 2012). Albeit computationally simple,
a major limitation of the NPVR is that it requires some arbitrary choice for the dis-
count rate. Instead, the IRR allows to endogenously determine the rate of return which
equalizes the present value of pension benets and the present value of contributions.
We calculate individual rates of return under heterogeneous and homogeneous longevity
using contributions and observed/estimated pension bene ts derived as described above.
We compound/discount all contributions and pension bene ts to the year 2019 with the

consumer price index/projected in ation.
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3.4.2 Results

Figure 3.9 and Figure 3.10 plot the distribution of pension wealth by lifetime income
quintile across birth cohorts calculated with heterogeneous and homogeneous life ex-
pectancies, for men and women respectively. In both scenarios, pension wealth increases
monotonically with lifetime income quintile as pension bene ts are computed over higher
lifetime earnings, in real terms. Distributional implications of heterogeneous longevity
are strongly gender-speci c. In the case of men, we nd that pension wealth is higher un-
der the assumption of heterogeneous longevity for the top two quintiles, while it declines
for the lower quintiles. Consistent with widening longevity di erentials, such patterns
become more pronounced across cohorts. As shown by Figure 3.11, the top quintile of
male cohorts 1930-1934 gains about 58,@00+5.3%) in pension wealth when accounting

for heterogeneous mortality, while the bottom quintile loses about 13,00Q-5.7%). For
male cohorts born in 1945-1950, the gain and the loss implied by heterogenous longevity
amount to about 110,00@ (+10.8%) and 38,00Q (-10.1%) for the top and bottom quin-

tile, respectively. Trends in cohort-speci ¢ Gini coe cients of pension wealth among
men corroborate these results (Table 3.7, Panel A). While the Gini coe cients of pension
wealth shrinks over the selected male cohorts, the di erence between Gini coe cients
under heterogenous and homogeneous longevity increases from 0.0192 to 0.0292 between
male cohorts 1930-1934 and 1945-1950. In the case of women, distributional consequences
of heterogeneous longevity are hardly sizeable, and do not follow a clear pattern across
lifetime income quintiles and cohorts (Figure 3.12). These ndings are consistent with
disparate trends in life expectancy by lifetime income among women documented in the
previous part of the paper. Similarly, di erences in Gini coe cients under heterogeneous
and homogeneous longevity are also minimal in the case of women (Table 3.7, Panel B).
We get analogous results when investigating trends in pension wealth by retirement year

rather than by birth cohort.

121



Figure 3.13 and Figure 3.14 shows the distribution of IRR (%) by lifetime income quintile
across birth cohorts calculated with heterogeneous and homogeneous life expectancies,
for men and women respectively. A few patterns emerge. First of all, average internal
rates of return for each sex-quintile-cohort combination are all largely positive, both un-
der the heterogeneous and homogeneous longevity scenario. This implies that individuals
in the sample can expect to receive more in pension bene ts than what they have paid in
contributions. Averaging across all birth cohorts and quintiles, under both scenarios male
and female retirees can expect to receive about 1.035 and 1.054 for each euro of pension
contributions, respectively. This re ects the well-known generosity of de ned-bene t pen-
sion rules, which do not include any actuarial adjustment for expected post-retirement
survival. Such system is particularly advantageous to individuals with low contribu-
tory levels and long retirement span. Second, IRRs decrease on average over cohorts,
for both men and women. This decline in the pro tability of pension contributions is
consistent with longer working lives, higher contribution rates, stronger weight of the
de ned-contribution formula in the computation of pension annuities, and less generous
de nition of 'pensionable earnings' used for the calculation of pension annuities under
de ned-bene t criteria. ** However, such decline in contributions' pro tability is driven
mostly by individuals in the bottom income quintiles, particularly in the case of men.
The erosion in the progressivity of IRRs is remarkable. Under homogeneous longevity,
the IRR of the bottom quintile of male cohorts 1930-1934 is about 7%, while it shrinks

to about 2.7% for male cohorts 1945-1950. On the contrary, the IRR of the top quintile
remains stable around 3% across all male cohorts. Similar ndings apply to women. Un-
der homogeneous longevity, the IRR of the bottom quintile of female cohorts 1930-1934
exceeds 14%, while it collapses to about 5% for cohorts 1945-1950. A modest decline
in the IRR is observed also for women in the top quintile, from about 4.4% for cohorts

1930-1934 to 3.6% for cohorts 1945-1950. Third, the distributional implications of het-

15Starting with the 1992 reform the de nition of pensionable earnings was modi ed so as to gradually
take into account the entire working life. Before the reform, pension bene ts were calculated using
de ned-bene t criteria with pensionable earnings de ned on the basis of the individual's last years'
average earnings, which implied also very high substitution rates.
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erogeneous longevity for the pro tability of pension contributions are sizeable in the case
of men (Figure 3.15). For the bottom quintile, the IRR is signi cantly lower under the
assumption of heterogeneous mortality as compared to the homogenous longevity scenar-
ios, while it increases for top quintiles. For male cohorts 1930-1934, average IRR is 0.14
percentage points lower at the bottom and 0.2 percentage points higher at the top. Such
di erences become pronounced across cohorts. Indeed, for male cohorts 1945-1950 IRRs
under heterogeneous mortality are 0.3 percentage points lower at the bottom, and 0.25
percentage points higher at the top. In relative terms, these di erences correspond to
about a 14% decline and 10% increase, respectively. In other words, widening disparities
in life expectancy among males magnify the erosion of progressivity in the Italian pension
system implied by reforms aimed at tightening the link between contributions and pen-
sion bene ts. As for women, consistently with patterns documented for pension wealth,
di erences in IRR under homogenous and heterogeneous longevity are quantitatively neg-
ligible (+ 0.05 percentage points) (Figure 3.16). In this case too, we get analogous results
when investigating the evolution of IRRs by retirement year rather than by birth cohort.

In interpreting these ndings, it is worth recalling that our analyses do not include types

of pension bene ts, such as survivors, disability and social pensions, which may alter the

distribution of IRRSs.

Finally, to better appreciate the determinants of contributions' pro tability at the indi-
vidual level, we regress IRRs calculated under heterogeneous longevity against retirees’
characteristics available in the INPS archives (Table 3.8). Regression analysis delivers
results consistent with patterns documented aboveCeteris paribus IRR decreases with
guintiles of lifetime income, albeit non-linearly, with retirement age and with years of con-
tributions. It also signi cantly decreases with year of birth, starting from cohorts born

in the mid 1930s, and for individuals who have their pension bene ts partially computed

under de ned-contribution pension rules (mixed regime). Being a woman or a recipient
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of early pension bene ts is also associated with higher IRR.

3.5 Discussion

In this study, we leverage a compendium of administrative data provided by the Italian
Social Security Institute to advance our knowledge about lifespan inequalities in the Ital-
ian adult and elderly population, and to evaluate their policy implications for the pension

system. Our analysis delivers two main sets of ndings.

First, we shed light on some worrisome trends in the evolution of lifespan inequalities
among the adult and elderly population in Italy. While mortality delay (increasing aver-
age age at death) and mortality compression (declining lifespan variability) are observed
across all socio-economic strata, our ndings suggest that these improvements have not
been equally shared, particularly in the case of men. Indeed, cohort-based analysis re-
veals that disparities in life expectancy among men have been widening across cohorts,
in particular when measuring socio-economic status by mid-career employment income.
In addition, men who belong to the upper tail of the mid-career employment income
distribution and who occupy managerial positions face increasingly less uncertainty in
age-at-death compared to men of opposite socio-economic status. Period-based analysis
delivers qualitatively consistent results, suggesting that male retirees at the top of the
pension income distribution face increasingly higher life expectancy and increasingly lower
lifespan variation compared to male retirees at the bottom of the pension income distri-
bution. Period-based ndings suggest that such disparities are particularly pronounced in
Northern regions, although increasing disparities in life expectancy between the top and
the bottom of the pension income distribution are observed across most Italian regions.
In the case of women, instead, we nd no clearly discernible gradient in life expectancy
and lifespan variation, and no clear trends either from a cohort- or period-perspective,

particularly when measuring socio-economic status based on own income. Still, it is
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possible that for the cohorts and periods considered, women's own income represents a
poor proxy of women's true socio-economic status. Sensitivity analyses relating female
retirees' mortality to husbands' pension income suggest that spouses' income should be
jointly considered for a proper assessment of lifespan inequalities among women in Italy.
For this reason, occupation should be considered as a better indicator of women's socio-
economic status as compared to (individual) labour and pension income, at least for the

considered periods and cohorts.

A number of caveats apply. First, comparison of period- and cohort-based mortality esti-
mates calls for caution as they may re ect very di erent dynamics. Indeed, period-based
analysis incorporates the e ects of factors or events thagqually a ect all age groups

at a particular calendar time. Cohort-based analysis, instead, incorporates the e ects
of factors or events that a ect age groupgli eretially . Moving to data-related issues, a
major limitation of our analysis is that it is based on individuals (formerly) employed in

the private sector only. As such, it does not cover individuals with either a public em-
ployment or self-employment background, and individuals with no formal employment
backgroundtout court. This limits the generalizability of our ndings to the entire Ital-

ian population. Moreover, the de nition of occupational class used in this chapter, which
follows the taxonomy set by Italian labour law on private employment and which has
been historically used in INPS archives, is rather coarse, as each class encompasses a
range of extremely heterogeneous professions. As shown in Chapter 2 of this thesis, there
are tangible di erences in mortality and longevity even among occupational categories
belonging to the same occupational macro-class. As such, this study may fail to detect
important trends in lifespan inequalities emerging around speci ¢ occupations. Third,
this study does not focus on the mechanisms which may explain the observed evolution
in lifespan inequalities. The lack of cause-speci ¢ mortality data prevents us from iden-

tifying explanations linked to health-related behaviours
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Coming to the second set of ndings, we show that distributional implications of het-
erogeneous longevity for the pension system are tangible, notably in the case of men.
In particular, we document that the erosion in the pro tability of pension contributions
implied by heterogeneous longevity is stronger for male retirees at the bottom of the
lifetime income distribution, and that such dynamics have become more pronounced over
time. In the case of women, the lack of a clear socio-economic gradient in mortality im-
plies that the distributional consequences are limited, too. Interpretation of these results
requires some caution, though. As stressed, our analysis does not account for specic
types of pension bene ts, such as disability or survivor bene ts, which may alter distri-
butional dynamics. Moreover, our estimates are based on individuals who retired mostly
under de ned-benet pension rules. If pension bene ts were entirely computed under
notional de ned-contribution rules, which set a tighter link between pension bene ts and
contributions assuming homogeneous residual lifespan at retirement, the distributional
implications of heterogeneous longevity would be even more important (Mazzaferro et al.

2012).

Tracking the evolution of lifespan inequalities, in their various dimensions, is crucial for
setting equitable public policies, notably those related to social security systems. Beyond
being troubling per se lifespan inequalities raise a number of critical issues when it comes
to policies which overlook such disparities, such as those linking statutory retirement age
to changes in population average life expectancy (Alvarez et al. 2020) or linking pension
bene ts calculation to coe cients which are not di erentiated by relevant socio-economic
variables (Caselli & Lipsi 2018). This kind of measures, which have been adopted in Italy
since the mid 1990s, penalize individuals with systematically less favourable survival
pro les compared to that of the general population. While population ageing makes

reforms for ensuring the sustainability and thenter -generational equity of social security
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systems unavoidable, widening inequalities hiding behind population ageing makes the

issue ofintra -generational fairness of such reforms equally pressing.

127



Figures Chapter 3

Figure 3.1. Life expectancy at 50 by cohort and quintiles of mid-career employment income

Notes: The graph plots the evolution of life expectancy at 50 by average mid-career private employment earnings, sex and
birth cohort, along with 95% con dence intervals. Own elaboration based on INPS data.
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Figure 3.2: Life expectancy at 50 by cohort and broad occupational group

Notes: The graph plots the evolution of life expectancy at 50 by prevalent mid-career occupational position (private
employees), sex and birth cohort, along with 95% con dence intervals. Own elaboration based on INPS data.
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Figure 3.3: Lifetable entropy at 50 by cohort and quintiles of mid-career employment income

Notes: The graph plots the evolution of lifetable entropy at 50 by average mid-career private employment earnings, sex
and birth cohort, along with 95% con dence intervals. Own elaboration based on INPS data.
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Figure 3.4: Lifetable entropy at 50 by cohort and broad occupational group

Notes: The graph plots the evolution of lifetable entropy at 50 by prevalent mid-career occupational position (private
employees), sex and birth cohort, along with 95% con dence intervals. Own elaboration based on INPS data.
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Figure 3.5: Life expectancy by quintiles of pension income at 67
Years 1995-2017

Notes: The graph plots the evolution of lifetable expectancy at 67 by pension quintile, sex and period, along with 95%
con dence intervals. Own elaboration based on INPS data.
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Figure 3.6: Lifetable entropy by quintiles of pension income at 67
Years 1995-2017

Notes: The graph plots the evolution of lifetable entropy at 67 by pension quintile, sex and period, along with 95%
con dence intervals. Own elaboration based on INPS data.
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Figure 3.7: Dierence in life expectancy at 67 between top and bottom pension quintile
Regions - Men
Years 1995-1999 vs 2015-2017

Notes: The graph plots the di erence in life expectancy at 67 between top and bottom pension quintile for period
1995-1999 and 2015-2017 for each Italian region, along with 95% con dence intervals (in blue). Own elaboration based on
INPS data.

134



Figure 3.8: Dierence in life expectancy at 67 between top and bottom pension quintile
Regions - Women
Years 1995-1999 vs 2015-2017

Notes: The graph plots the di erence in life expectancy at 67 between top and bottom pension quintile for period
1995-1999 and 2015-2017 for each ltalian region, along with 95% con dence intervals (in blue). Own elaboration based on
INPS data.
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Figure 3.9: Pension wealth at retirement by cohort and lifetime income quintile - Men
(homogeneous vs heterogeneous mortality)

Notes: Red bars represent 95% con dence bands accounting for uncertainty in mortality estimates.
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Figure 3.10: Pension wealth at retirement by cohort and lifetime income quintile - Women
(homogeneous vs heterogeneous mortality)

Notes: Red bars represent 95% con dence bands accounting for uncertainty in mortality estimates.
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Figure 3.11: Dierence in pension wealth at retirement with and w/o heterogeneous mortality
- Men
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Figure 3.12: Dierence in pension wealth at retirement with and w/o heterogeneous mortality
- Women
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Figure 3.13: Internal rate of return by cohort and lifetime income quintile Men
(homogeneous vs heterogeneous mortality)

Notes: Red bars represent 95% con dence bands accounting for uncertainty in mortality estimates.
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Figure 3.14: Internal rate of return by cohort and lifetime income quintile Women
(homogeneous vs heterogeneous mortality)

Notes: Red bars represent 95% con dence bands accounting for uncertainty in mortality estimates.
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Figure 3.15: Internal rate of return by cohort and lifetime income quintile Men
(homogeneous vs heterogeneous mortality)
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Figure 3.16: Internal rate of return by cohort and lifetime income quintile Women
(homogeneous vs heterogeneous mortality)
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Tables Chapter 3

Table 3.1: Construction of the Dichiarazioni Uniemens sample

N. of individuals

Starting sample 21,966,659
Dropping individuals born prior to 1930 or after 1957 14,909,172
Dropping individuals who die before 50 44,229

Dropping individuals who retire before 50 64,012

Final sample 6,949,246
Final sample men 4,842,306
Final sample women 2,106,940

Table 3.2: Dichiarazioni Uniemens sample
Observations by year of birth and survival as of 2018

Year of birth Not dead Dead Total
1930 84,650 160,286 244,936
1931 91,959 147,374 239,333
1932 99,232 135,492 234,724
1933 110,470 129,806 240,276
1934 120,000 119,003 239,003
1935 131,024 109,624 240,648
1936 132,594 95,077 227,671
1937 145,496 88,668 234,164
1938 161,377 85,105 246,482
1939 168,150 76,769 244,919
1940 171,667 69,184 240,851
1941 160,376 57,076 217,452
1942 161,946 51,392 213,338
1943 160,420 45,724 206,144
1944 164,204 40,805 205,009
1945 159,569 35,021 194,590
1946 214,160 40,940 255,100
1947 218,456 35,896 254,352
1948 228,316 33,320 261,636
1949 230,081 29,298 259,379
1950 232,994 26,598 259,592
1951 234,950 23,095 258,045
1952 240,056 20,928 260,984
1953 249,935 19,013 268,948
1954 265,463 17,590 283,053
1955 277,681 15,993 293,674
1956 291,203 14,597 305,800
1957 305,807 13,336 319,143
Total 5,212,236 1,737,010 6,949,246
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Table 3.3: Casellario Pensionati sample
Observations by calendar year and pension regime

Men Women
Calendar year De ned-benet  Mixed Total De ned-benet  Mixed Total
1995 1,151,882 0 1,151,882 1,082,289 0 1,082,289
1996 1,219,103 84 1,219,187 1,147,169 224 1,147,393
1997 1,295,201 259 1,295,460 1,220,438 803 1,221,241
1998 1,361,474 653 1,362,127 1,289,098 1,773 1,290,871
1999 1,422,691 1,282 1,423,973 1,354,721 2,998 1,357,719
2000 1,476,454 2,513 1,478,967 1,416,304 4,379 1,420,683
2001 1,525,513 9,171 1,534,684 1,482,811 6,546 1,489,357
2002 1,554,662 22,235 1,576,897 1,545,931 9,254 1,555,185
2003 1,568,684 32,977 1,601,66[1 1,598,854 12,968 1,611,822
2004 1,589,493 43,689 1,633,18p 1,658,625 17,706 1,676,331
2005 1,612,341 55,973 1,668,314 1,715,611 25,278 1,740,889
2006 1,634,862 69,16 1,704,022 1,745,741 58,631 1,804,372
2007 1,653,253 82,944 1,736,197 1,737,001 121,318 1,858,319
2008 1,658,256 95,267 1,753,523 1,711,853 169,539 1,881,392
2009 1,658,801 107,48 1,766,281 1,684,505 215,542 1,900,047
2010 1,657,874 121,105 1,778,979 1,654,131 260,326 1,914,457
2011 1,658,079 134,69 1,792,76P 1,621,687 304,348 1,926,035
2012 1,650,774 147,859 1,798,633 1,583,819 346,047 1,929,866
2013 1,668,696 167,582 1,836,278 1,557,399 401,33 1,958,729
2014 1,683,656 186,649 1,870,305 1,529,429 453,63 1,983,059
2015 1,693,572 211,949 1,905,521 1,492,706 511,126 2,003,832
2016 1,711,681 237,729 1,949,410 1,459,618 565,071 2,024,689
2017 1,702,947 264,531 1,967,478 1,418,551 617,323 2,035,874
Total 35,809,949 1,995,781 37,805,730 34,708,291 4,106,160 38,814,451
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Table 3.4: Women's post-retirement mortality and husbands' pension

(1)
Odds ratio
Woman's pension quintile [ref. 1st, bottom] .
2nd 1.001
(0.00959)
3rd 1.050***
(0.0103)
4th 1.049***
(0.0107)
5th (top) 1.165%**
(0.0129)
Husband's pension quintile[ref. 1st, bottom]
2nd 0.987
(0.00941)
3rd 0.997
(0.00956)
4th 0.957***
(0.00951)
5th (top) 0.881***
(0.00945)
Constant 6,092%**
(9,123)
Observations 7,805,622

Notes. Results from logistic survival analysis based on fe-
male retirees from the FPLD fund, who retired between 1995
and 2017, whose husband was alive in 1995 and also retired
between 1995 and 2017. The mortality follow-up extends
from the year women turn 67 to the end of 2018 or the year
of their death, if the latter occurs earlier. Dependent variable
is a dummy taking value 1 if the woman dies by the end of
the year, 0 otherwise. Pension quintiles are cohort-specic
for both women and husbands. Control variables: year of
birth, age di erence with respect to husband, widowhood
status, macro-region of residence, macro-region of birth, and
23 duration dummies.
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Table 3.5: Sample construction - Estratti Conto

Women Men All Dropped
Initial sample 109,515 151,069 260,584
Dropping N with no measurable employment income at 45-49 30,976 73,053 104,029 -156,555
Dropping contributions to funds other than FPLD 30,975 73,036 104,011 -18
Dropping observations prior to 1974 30,968 72,961 103,929 -82
Dropping observations with zero or missing income 30,966 72,937 103,903 -26
Dropping N with just one observation after 1974 30,894 72,796 103,690 -213
Dropping N with gaps >5 years 28,180 69,141 97,321 -6,369
Sample used to estimate lifetime earnings pro le 28,180 69,141 97,321
Dropping N who die prior to 65 27,465 65,795 93,260 -4,061
Sample used for distributional analysis 27,465 65,795 93,260

Table 3.6: Regression coe cients (lifetime earnings pro le)

(1) ()

Men Women
Age 0.199***  (0.202***
(0.006) (0.013)
Age? -0.004***  -0.001***
(0.000) (0.000)

Age® 0.000*** -0.000

(0.000) (0.000)
Years of contributions -0.002 -0.128***
(0.004) (0.009)

Constant 6.234**  4.267***
(0.110) (0.257)
Observations 1,484,456 55,2550
N individuals 69,141 28,180
R-squared 0.207 0.191

Results from OLS regressions with individual xed ef-
fects. Standard errors in parentheses.

*** p-value <0.001. ** p-value <0.01. * p-value
<0.05.
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Table 3.7: Gini of pension wealth at retirement (Euro, 2019 real values)

Panel A: Men

Cohort Homogeneous mortality Heterogeneous mortality Dierence

1930-1934 0.2736 0.2927 0.0192
1935-1939 0.2709 0.2897 0.0188
1940-1944 0.2550 0.2784 0.0235
1945-1950 0.2262 0.2554 0.0292
Panel B: Women
Cohort Homogenous mortality Heterogeneous mortality Di erence
1930-1934 0.2514 0.2521 0.0007
1935-1939 0.2748 0.2737 -0.0011
1940-1944 0.2886 0.2910 0.0024
1945-1950 0.2613 0.2651 0.0038
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Table 3.8: Individual determinants of internal rate of return (IRR)

1)
Woman 0.893***
(0.016)
Age at retirement -0.189***
(0.002)
Years of contribution -0.202%**
(0.002)
Anticipated pension 0.350%**
(0.016)
Mixed retirement regime -1.713%*
(0.042)
Quintile of lifetime earnings [Ref: 1st (bottom)]
Quintile 2 -1.642%**
(0.036)
Quintile 3 -1.884***
(0.035)
Quintile 4 -1.800***
(0.034)
Quintile 5 (top) -1.702%**
(0.033)
Macro-region of residence [Ref: Centre]
Abroad -1.484 %+
(0.243)
North-East 0.053*
(0.021)
North-West -0.013
(0.018)
South 0.002
(0.025)
Birth cohort [Ref: 1930]
Birth cohort 1931 0.169**
(0.057)
Birth cohort 1932 0.154**
(0.052)
Birth cohort 1933 0.127*
(0.052)
Birth cohort 1934 0.161**
(0.053)
Birth cohort 1935 0.090
(0.052)
Birth cohort 1936 -0.052
(0.050)
Birth cohort 1937 -0.092
(0.050)
Birth cohort 1938 -0.171%**
(0.048)
Birth cohort 1939 -0.232%**
(0.047)
Birth cohort 1940 -0.242***
(0.044)
Birth cohort 1941 -0.290***
(0.044)

Continued on next page
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Table 3.8 Continued from previous page

(1)
Birth cohort 1942 -0.314***
(0.043)
Birth cohort 1943 -0.395***
(0.044)
Birth cohort 1944 -0.432***
(0.043)
Birth cohort 1945 -0.377***
(0.045)
Birth cohort 1946 -0.412***
(0.044)
Birth cohort 1947 -0.420***
(0.043)
Birth cohort 1948 -0.410%**
(0.045)
Birth cohort 1949 -0.347***
(0.049)
Birth cohort 1950 -0.305***
(0.050)
Constant 22.843***
(0.163)
Observations 93,260
R-squared 0.429

Notes. Notes. Results from OLS regressions. Robust standard errors in
parentheses. *** p-value <0.001. ** p-value <0.01. * p-value < 0.05.
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Chapter 4

Putting COVID-19 into historical perspective: was it just a u?

4.1 Introduction

Since its emergence in Asia in late 2019, the coronavirus COVID-19 pandemic has rav-
aged societies around the world. However epochal, though, COVID-19 is hardly the rst
pandemic human societies were confronted with during the last few decades (Snowden
2019). In the second half of the 20th century, two prominent u pandemics originating
in Asia (the 1957-58 and 1968-1970 pandemics) hit the world, causing important human
losses worldwide (Viboud et al. 2005; 2013). Despite their demographic relevance, the
mortality impact of these major health shocks has not been investigated thoroughly yet,
particularly at the subnational level. Subnational focus is central to evaluate the mortal-
ity burden of u pandemics. Indeed, if transmission is geographically clustered in nature,
as in the case of COVID-19, country-level analyses are likely to yield a dampened picture
of the mortality impact of major in uenza episodes (Blangiardo et al. 2020; Trias-Llimds
et al. 2020). Still, studies which seek to quantify and compare the mortality impact of
major past in uenza outbreaks by accounting for the spatial nature of pandemic waves

are rare (Chowell et al. 2014). The study presented in this chapter contributes to address

1This chapter is the result of a joint work with S. Ghislandi. The analysis on the mortality impact
of the COVID-19 pandemic in Italian provinces presented in this chapter subsumes and updates part of
the results of a joint work with S. Ghislandi, R. Muttarak and M. Sauerberg, accepted for publication
in the Vienna Yearbook of Population Researchunder the tite Human costs of the rst wave of the
COVID-19 pandemic in the major epicenters in ltaly.
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this gap by investigating the impact of post-World War Il major u pandemics on mortal-

ity patterns in Italy at the provincial level based on a newly constructed digital database
with age-sex-province speci ¢ mortality and population statistics spanning nearly three
decades (1953-2020). Speci cally, we estimate and compare the human costs associated
to the 1957-1958 and the 1968-1970 pandemics in Italian provinces with the provisional
death toll of COVID-19 in the same areas, which allows us to put the latter into his-
torical perspective! To the best of our knowledge, ours is the rst attempt to compare

the mortality burden of COVID-19 at the subnational level, in a hardly hit country, i.e.

Italy, with that of past in uenza pandemics.

To quantify the mortality burden of the 1957-1958 and 1968-1970 u pandemics, and to
make it comparable with that of the COVID-19 pandemic, we adopt an all-cause excess
mortality approach. All-cause excess mortality compares mortality levels registered in a
given place and time, for all types of causes, to what would have been normally expected.
This approach has been previously used to estimate the global mortality burden of the
Spanish u (Murray et al. 2006). Recently, it has been extensively employed to assess
the mortality impact of COVID-19 in a number of countries, both at the national and
sub-national level (Aburto, Schoéley, et al. 2021; Aburto et al. 2020; Blangiardo et al. 2020;
Modig et al. 2021; Trias-Lliméds et al. 2020). Focusing on all-cause excess mortality allows
to overcome a number of empirical issues. First, data on in uenza-related fatalities may
not be available or be imprecisely collected, both at the national and sub-national level.
Historical and geographical comparison can be particularly problematic as public author-
ities may have di erent collection, recording and reporting policies regarding in uenza
cases and casualties. Second, in uenza-speci ¢ mortality data, when available, fail to
capture the e ect of in uenza outbreaks on other causes of deaths due, for instance, to

depletion of hospital capacity or disruptions in routine medical treatments.

IProvinces in Italy represent the intermediate administrative tier between municipalities and regions.
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While excess mortality is undoubtedly useful to measure the mortality burden of pan-
demic events, it needs to be translated into metrics which allow for reliable and consistent
comparison of mortality shocks over time and place. In this regard, life expectancy at
birth, which measures the average longevity of a hypothetical group of newborns that
experience the death rates observed in a given period over their entire life course, is a
suitable candidate. While in reality individuals cannot be expected to experience such
death rates over their life course, life expectancy has a number of useful properties. First,
it is signi cantly related to the overall well-being of a population (Ghislandi et al. 2019;
Sen 1988). Second, it is not in uenced by the age structure of populations under study.
As such, it does not depend on the choice of any arbitrary population standard as in the
case of standardized deaths rates or years of life lost (Marois et al. 2020). Moreover, being
it sensitive to ages at which deaths occur, it enables e ective comparison of mortality

shocks a ecting populations along di erent age groups.

Lifespan variation is an alternative metric to quantify and qualify dynamics in population
health and mortality (van Raalte et al. 2018). Albeit related, life expectancy and lifespan
variation capture two di erent dimensions of mortality (Aburto et al. 2020). While life
expectancy summarizes the average age at death of individuals belonging to a given pop-
ulation, lifespan variation expresses the variability in age-at-death between individuals
within that population. Two populations may thus share the same life expectancy while
displaying di erent levels of lifespan variation due to di erences in the age distribution

of deaths. The mortality dynamics which underpin improvements in both indicators are
also di erent. Reductions in mortality rates at any age lead always to increases in life
expectancy. For lifespan variation to decrease when life expectancy is increasing, though,
more deaths need to be averted at younger ages as compared to older ages, the threshold
age corresponding generally to life expectancy. In other words, mortality compression,

i.e. deaths occurring at an increasingly similar age, should be observed. For these rea-
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sons, lifespan variation is a powerful tool to explore how (un)evenly health and mortality
shocks are distributed within a given population. It is worth stressing that while life ex-
pectancy tends to decrease in times of pandemic, due to increased mortality rates across
the entire age spectrum (Viboud et al. 2005), lifespan variation may increase or decrease
depending on the age distribution of excess deaths (Aburto, Scholey, et al. 2021). Given
their useful properties, both life expectancy and lifespan variation have been widely used
to quantify the mortality burden of COVID-19, both at the national (Aburto, Kashyap,

et al. 2021; Aburto, Scholey, et al. 2021) and subnational level (Trias-Llimés et al. 2020).
A further joint advantage of both measures is that mortality data, from which both met-
rics are derived, are available for some countries since the early nineteenth century. This
makes it possible to use life expectancy and lifespan variation for historical comparisons

of major mortality shocks.

Building on these considerations, in this study we investigate the mortality burden of
the 1957-1958 and 1968-70 pandemics in Italian provinces by looking at all-cause excess
mortality, and at the impact on both life expectancy and lifespan variation, measuring
the latter in terms of standard deviation in age-at-death. We then contrast such mortality
patterns, and the related human costs, with those documented for the COVID-19 in the
rst year of the pandemic (i.e. calendar year 2020) over the same geographical areas.
The remainder of the chapter is organized as follows. In Section 4.2, we provide a brief
historical overview of the three pandemics under study. In Section 4.3, we illustrate the
data and the methods we employ. In Section 4.4, we present the results, and Section 4.5

concludes.

4.2 Background

Historical studies on prominent in uenza outbreaks of the 20th century have concen-

trated overwhelmingly on the Spanish u. Having killed approximately 50 million people
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worldwide between 1918 and 1921 (Johnson & Mueller 2002; Murray et al. 2006), the
Spanish u was as a major health shock with long-lasting consequences on human soci-
eties, from population health (Noymer & Garenne 2000) to human capital development
(Almond 2006) and trust (Aassve et al. 2021). Relatively little attention has been de-
voted, instead, to u pandemics which followed in the ensuing decades and for which
humans possessed limited or no immunity: the 1957-1958 pandemic (also known as the

"Asian u") and the 1960-1970 pandemic (also known as the "Hong Kong u’).

The in uenza strain (H2N2) responsible for the the 1957-1958 pandemic was rst detected
in the Yunnan province in China, in February 1957 (Saunders-Hastings & Krewski 2016).
The virus spread through Hong Kong, Singapore, Taiwan and Japan, before spreading
globally in the summer of 1957. The contagion rates soared markedly in the early fall of
1957, with the re-opening of schools (Henderson, 2009). Despite the limited di usion of
vaccines and the lack of vigorous non-pharmaceutical interventions, the global mortality
burden was comparatively contained, with one to two million estimated deaths worldwide
(Saunders-Hastings & Krewski 2016). A study by Viboud et al. (2013), based on data
from 39 countries encompassing Europe, the Asian-Paci c region and the Americas, esti-
mates that total excess deaths in 1957-1959 totaled to 1.1 million, with an average excess
respiratory mortality rate of 1.9 per 10,000 people. Age-speci c excess mortality rates
were highest among infants (0-4 years old) and elderly 65 years old). In Italy, a report
released by the High Commissariat for Hygiene and Public Health in May 1958 estimated
that the Asian u killed around 30,500 people between August 1957 and February 1958.
As documented by local newspapers, public health responses included the postponement
of school opening and the temporary closure of schools in the fall of 1957, albeit limited

to some areas of the country.

2Source: Il Corriere della Sera, 8 May 1958, p. 9
3Source: L'Unita , 4 October 1957, p. 2
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About ten years after its rst appearance, the Asian u strain underwent an antigenic
drift emerging as a new virus (A/H3N2) which was o cially reported for the rst time

in Hong Kong in July 1968 (Henderson et al. 1969). The following month, the virus was
isolated in Japan and in the United States, the spread being possibly driven by veter-
ans repatriating from the Vietham War. In September, cases were reported in Great
Britain. In early 1969, the virus was isolated in continental Europe, with infections being
detected in France. The pandemic is estimated to have called between 500,000 and 2
million lives worldwide between 1968 and 1970 (Henderson, 2009). As reported by Vi-
boud et al. (2005), the pandemic hit through two distinct waves. The rst one (1968-69)
took its toll mostly in the United States, while the second one (1969-1970) killed mostly

in Europe. Non-pharmaceuticals interventions, including school closure and quarantine
measures, were limited, public health response consisting mostly in the hospitalization
of most serious cases (Henderson, 2009). In Italy, the pandemic hit in the winter of
1969-70 (Ragona et al. 1978). As reported by local newspapers, the surge in cases put
hospitals under pressurg forcing the temporary closure of schools and the reduction of
public transportation services in some areas of the country due to personnel's sickness
absenteeisn?. Overall, the Hong Kong u is estimated to have killed between 20,060
and 57,000 people in Italy, with excess deaths recorded across all age groups, especially

the 45-64 group (Rizzo et al. 2007).

Fifty years after the 1968-1970 pandemic, in December 2019 a cluster of cases of pneu-
monia of unknown aetiology was reported in Wuhan, in the Hubei Province, China. In
early January 2020, the Chinese Center for Disease Control and Prevention reported
that a novel coronavirus (SARS-Cov-2) was identi ed as causative agent for some cases

of pneumonia. While the city of Wuhan was locked down, by the end of January im-

4Source: Il Corriere della Sera, 29 December 1969, p. 2

5Source: Il Corriere della Sera, 9 December 1969, p. 17

®Estimate  reported by the Italian National Institute of  Health. See
https://www.epicentro.iss.it/passi/storiePandemia
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ported cases of the novel coronavirus 2019 (COVID-19) from China were reported in a
number of countries in Asia (Japan, Thailand, South Korea), Europe (France, Germany)
and America (United States). In Europe, the rst severe case of local transmission of
COVID-19 was diagnosed on 21 February at a small hospital in Codogno, a municipality
in the province of Lodi, south-east of Milan, Italy (Paterlini 2020). Over the following
days, the Italian authorities reported clusters of cases in several regions in the North of
the country (Lombardy, Veneto, Piedmont, Emilia-Romagna). A couple of weeks later,
the Italian government introduced strict public health measures, imposing a partial na-
tionwide lock-down, followed by a total lockdown of all non-essential activities, including
school closures, starting on 23 March (Galizzi & Ghislandi 2020). Many other European
countries followed soon, implementing similar public health measures. These measures
were e ective in curbing contagion rates in Europe, which slowed down over the summer
months. Starting from September, European countries were confronted with a second
wave of contagion, which led public authorities to opt for strict containment measures
again. By 31 December 2020, the number of con rmed COVID-19 cases worldwide sur-
passed 80 million, of which over 26.1 million were recorded in Europe and over 2.1 million
in Italy. © As of the same date, the toll of o cial COVID-19 deaths worldwide totalled to

1.82 million, to over 500,000 in Europe and to over 75,000 in Italy.

4.3 Data and Methods

In this section we present the data and the methodological approach used for estimating
the mortality impact of the three u pandemics under study in Italian provinces. Since
the type of data we rely on to estimate the impact of u pandemics in the 1950s-1960s
di ers from the type of data we have access to for estimating the impact of COVID-19,

we adopt distinct methodologies as illustrated below.

"Source: WHO Covid Dashboard. Seéttps://covid19.who.int/
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4.3.1 Data and methods for the 1957-1958 and 1969-1970 pan-

demics

O cial statistics on deaths and resident population at the provincial level are made dig-
itally available by the Italian National Institute of Statistics (ISTAT) starting from 1982
only. We overcame this limitation by digitizing province-level census population data for
years 1951, 1961, 1971 and 1981, disaggregated by sex and single-year age class (0, 1, ...
100+), and yearly statistics on live births by sex and deaths by sex and ve-year age class
(O, 1-4, 5-9, ..., 95-99, 100+) at the provincial level for years 1953-1981. We additionally
digitize regional level data on all-cause monthly deaths by sex for years 1953-1981. Since
these data are not strati ed neither by age nor by province, they do not allow to prop-
erly estimate mortality rates at the local level. Still, they are useful to get a sense of the

timing of pandemic waves over years 1957-1958 and 1968-1970 in Italy and across regions.

We combine birth, mortality, and census population statistics to track yearly changes in
the age structure of the provincial population and derive intercensal population estimates,
for men and women separately. A detailed explanation of the methodological approach
adopted to reconstruct province-level intercensal population for years 1953-1981 is avail-
able in Appendix D.1. We use inter-censal population estimates and mortality data to
calculate yearly age- and sex-speci ¢ mortality rates for each province that are used to
construct sex-speci ¢ provincial life tables for years 1953-1981 following standard proce-
dures (Wachter 2014). Then, we estimate baseline sex-age-speci ¢ mortality rates that
would have prevailed had the pandemics not occurred. We do so for each province and for
Italy as a whole by omitting pandemic years (1957, 1958, 1968, 1969 and 1970) from the
1953-1981 annual series and by interpolating mortality rates in pandemic years through
splines as in Viboud et al. (2013). We also omit year 1956 whose winter was character-
ized by a sharp increase in mortality due to an exceptional cold wave which hit Western

Europe in February 1956 (Blangiardo 2020). We use baseline mortality rates to estimate
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baseline life expectancy and baseline lifespan variation at birth, measured in terms of
standard deviation in age-at-death, in pandemic years. We calculate 95% con dence in-
tervals for life expectancy and lifespan variation at birth using Monte Carlo simulation
methods, assuming deaths count follow a binomial distribution (Andreev & Shkolnikov

2010; Chiang 1984).

We calculate excess mortality by sex and age class for each province and for Italy as a
whole as the di erence between baseline mortality and observed mortality rate in the
pandemic years. When comparing excess mortality rates across provinces in pandemic
years, province-level sex-specic excess mortality rates are age-standardised using the
Italian population as standard. We further contrast baseline and observed life expectancy
and lifespan variation, decomposing the di erence by sex and age group for each province
and for Italy as a whole in pandemic years through stepwise decomposition (Andreev
& Shkolnikov 2012). The stepwise decomposition method can be used to decompose
di erences in any aggregate measure that depend only on the vectors of age-specic
mortality rates. This approach allows us to assess which age groups have primarily
contributed to the di erence between baseline and observed life expectancy and lifespan

variation in Italy in pandemic years.

4.3.2 Data and methods for the COVID-19 pandemic

Since the onset of the COVID-19 pandemic, the Italian National Institute of Statistics
(ISTAT) has been releasing all-cause daily deaths count at the municipality level. At the
time of writing, 8 such data cover the period between 1 January 2011 and 31 March 2021.
We focus on calendar years 2011-2020 and compile daily deaths count for all causes at the
municipality level, strati ed by sex and ve-year age classes (0, 1-4, 5-9,..., 95-99, 100+),

between 1 January 2011 and 31 December 2020, aggregating them across provinces. We

8The current version of the chapter was nalised on June 15, 2021.
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also compile ISTAT data on resident population at the municipality level, strati ed by sex

and single-year age classes on 1 January of years 2011-2020, and aggregate them across
provinces. We reclassify population into ve-year age groups so as to match the age
classi cation used by ISTAT for deaths count and aggregate them at the provincial level.

For years 2011-2019, we estimate mid-year population for each province-sex-age group
combination as the average between population at the beginning and at the end of the
year®. For year 2020, we estimate mid-year population for each province-sex-age group
combination by subtracting half of the deaths occurring during 2020 from population at

the beginning of 2020. In other words, mid-year population in 2020 is calculated as:

- 1
d — J
Po 620;x;s;p - POpEO%B;x;s;p éDeathSZOZO:X;S:P

where subscriptsx, s and p indicate age, sex and province, respectively.

We exploit the daily nature of deaths count released by ISTAT to estimate the cumulative
number of weekly excess deaths in 2020 since the beginning of the pandemic, for Italy as
a whole and for each province separately. For this purpose, we rst estimate the expected
number of weekly deaths in the absence of COVID-19 (baseline) by tting a generalised
Poisson, Ser ing-type linear model adjusted for year-to-year seasonality (Nielsen et al.
2018; Sering 1953). This model is commonly used to estimate baseline mortality during
in uenza epidemics (Acosta et al. 2019; Andreasen et al. 2008). The basic structure of

the model features trigonometric terms to account for seasonality and looks as follows:

9For each yeart 2 (2011; 2019), we approximate the population on 31 Decembet with the population
on 1 January t+1.
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where E(D;) is the expected number of deaths in a given week and population stra-
tum i, and ; is population exposure for stratumi. All the terms are further interacted

with sex and age. To estimate population exposure (i.e. average weekly population), we
use standard interpolation techniques (Dougherty et al. 1989). To make sure the model
provides reliable estimate at the provincial level, we aggregate deaths count and popu-
lation estimates over six age groups (0-14, 15-44, 45-64, 65-74, 75-84, 85+). We t the
model to the weekly deaths count starting from the week beginning on 3 January 2011
to the week beginning on 10 February 202€) and we project such baseline forward until
week 53 of 2020 (starting on 28 December 2020). Excess deaths are then calculated as the

di erence between observed and expected deaths, for each population stratum of interest.

We further estimate life expectancy at birth and lifespan variation at birth by sex, for
Italy as a whole and for each province, in years 2011-2020 using yearly deaths count and
mid-year population estimates aggregated over ve-year age classes (0, 1-4, 5-9, ..., 95-
99, 100+) applying standard demographic techniques (Wachter 2014). We calculate 95%
con dence intervals for the metrics of interest using Monte Carlo simulation methods,
assuming deaths count follow a binomial distribution (Andreev & Shkolnikov 2010; Chi-
ang 1984). Finally, we decompose the di erence in observed life expectancy and lifespan
inequality by age for each province and for Italy in 2020 compared to 2017-2019 average,

through stepwise decomposition (Andreev & Shkolnikov 2012).

0The rst case of local transmission of COVID-19 was registered in Italy on 21 February 2020.
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4.4 Results

In this section, we illustrate the estimated mortality impact of the pandemic events under
study in Italian provinces. A map of Italy highlighting provinces mentioned throughout

Section 4.4 is shown in Figure D.1.

4.4.1 The mortality impact of the 1957-1958 and 1968-1970

pandemics in Italian provinces

Panel A of Figure 4.1 plots the ratio between observed monthly deaths in Italy between
January 1957 and December 1958 with respect to the 1953-1955 averdg@rends are
highly consistent with the di usion patterns of the 1957-58 pandemic described in the
Background section. Excess mortality is recorded from May 1957 throughout January
1958, the peak occurring visibly in October 1957 (30% above the 1953-1955 average).
Regional-level trends suggest that both the timing and the mortality toll of the Asian

u were fairly homogeneous across lItalian regions (Figure D.2 to D.4 in Appendix D).
Focusing on the 1968-1970 u pandemic, Panel B of Figure 4.1 plots the ratio between
observed monthly deaths in Italy between January 1968 and December 1970 with respect
to the 1965-1967 average. It is worth stressing that the mortality peak recorded in Jan-
uary 1968 (40% above the 1965-1967 average) cannot be attributed to the Hong Kong
u, as rstinfections were reported in Hong Kong in the summer of 1968. In fact, excess
mortality recorded in early 1968 in lItaly is ascribable to a recrudescence of the Asian
u virus activity, in its last antigenic variant (Ragona et al., 1978). The Hong Kong u
took most of its toll at the end of 1969, when mortality spiked 70% above the baseline.
The mortality impact of the the Hong Kong u was rather heterogeneous across Italian
regions. Indeed, while some Northern regions, like Trentino Alto-Adige, reported100%

higher mortality compared to the baseline in December 1969, other regions in the South,

1As said, we exclude 1956 from the baseline computation due to high mortality levels recorded in
February 1956, when Italy was hit by an exceptionally cold wave, which caused about 50,000 excess
deaths (Blangiardo 2020).
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like Sicily, were markedly less a ected (Figure D.5 to D.7 in Appendix D).

Panel A of Figure 4.2 plots the evolution of life expectancy at birth in Italy in 1953-1982,

for men and women separately, against the estimated baseline, along with the respective
95% con dence intervals (shaded areas§. Statistically signi cant negative deviations

from baseline life expectancy emerge around pandemic years 1957-1958 and 1969, for
both men and women'* For men, observed life expectancy at birth in 1957, 1958 and
1969 for Italy as a whole is 1.3, 0.4 and 0.7 years lower than the baseline, respectively.
Such negative deviations from baseline life expectancy re ect increased mortality rates.
We estimate 9.5 excess deaths per 10,000 men in 1957, 2.2 in 1958 and 6.7 in 1969. In
the same years, we nd female life expectancy at birth to be 1.1, 0.3 and 0.6 years lower
than expected. Estimated excess deaths per 10,000 women are 7.6 in 1957, 1.7 in 1958
and 3.8 in 1969. Overall, we estimate a total of about 42,000 and 28,000 excess deaths
in peak years 1957 and 1969, respectively. As for lifespan variation, deviations from the
baseline in pandemic years at the national level are hardly remarkable, except for a slight
increase around 1957-1958 (Figure 4.2, Panel B). Estimates of observed and baseline life
expectancy and lifespan variation at birth as well as excess deaths for Italy as a whole in

pandemic years are reported in Table 4.1.

Turning to province-level analysis, we nd the mortality burden of the 1957-1958 pan-
demic to be homogeneously spread over the Italian peninsula, the e ect being most clearly
feltin the rst year of the pandemic. Some clustering emerges in the Centre-South around
densely populated areas, such as the provinces of Rome and Naples in the Centre-South,
and the province of Turin in the North-West. Simple regression analysis con rms that

excess mortality in peak year 1957 correlates positively with population density at the

12Since estimates are very precise, shaded areas are hardly visible.
3peviations from baseline life expectancy recorded in 1956 and in 1968 are attributable to events
other than the pandemic waves under study (see Background section).
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provincial level, after accounting for the share of employment in industry and for region
xed e ects (Table 4.2, Column 2). In 1957, in the most hardly hit areas, all-cause ex-
cess mortality amounts up to 30 per 10,000 people, for both men and women (Figure
D.8), while life expectancy at birth is 1.5 to 2 years lower than expected (Figure 4.3).
In provinces were life expectancy contracts more sharply, lifespan variation tends to be

higher than expected, up to 1.5 years, both in 1957 and 1958 (Figure 4.4 and Figure 4.5).

The analysis relative to the 1969-1970 pandemic wave delivers a somewhat di erent pic-
ture.'* First of all, we document a geographical gradient in mortality, Northern provinces
being more a ected than Southern ones, especially in the rst year of the pandemic. In
1969 most provinces in the North display all-cause excess mortality, with peaks of up
to 30 excess deaths per 10,000 people among men in the North-East (Figure D.9). Sev-
eral Southern provinces, instead, display lower-than-expected mortality in both pandemic
years. Second, we estimate the impact of the 1969-1970 pandemic on life expectancy at
birth to be larger compared to the impact of the 1957-1958 pandemic in the hardest hit
areas, particularly in the case of men. In 1969, we estimate life expectancy at birth to
be up to 3.1 years lower than the baseline in the case of men, and up to 2 years lower
in the case of women in most a ected provinces (Figure 4.6). Thus, while the 1957-1958
pandemic had a larger impact on mortality for Italy as whole, the death toll of the 1969-
1970 pandemic was more geographically clustered, hitting more severely in speci c areas,
mostly in the industrialized provinces of the North. Simple regression analysis suggests
that excess mortality in 1969 concentrated, indeed, in industrial areas (Table 4.2, Column
3). Third, we nd the impact of the 1969-1970 pandemic on lifespan inequality to be
inversely associated to the impact on life expectancy, albeit less clearly than in the case

of the 1957-1958 pandemic (Figure 4.7 and Figure 4.8).

4We focus on 1969 and 1970 as the pandemic hit Italy in late 1969 (see Background section).
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To gain further insights about such di erences, we investigate patterns in age- and sex-
speci c excess mortality at the provincial level in pandemic years 1957 and 1969, when
mortality peaks occurred. In 1957, excess mortality concentrates among individuals aged
75+ in the case of men and among individuals aged 80+ in the case of women (Figure 4.9).
In 1969, instead, excess mortality is strongly concentrated among relatively younger indi-
viduals, aged 60-79, for both men and women (Figure 4.10). It is worth noticing, though,
that in both pandemic events children, particularly those aged <1, were not spared by ex-
cess mortality either. In fact, age-based decomposition of the di erence between baseline
and observed life expectancy in pandemic years suggests that increased infant mortality
rates contribute substantially to negative deviations from the baseline (Figure 4.11). This

is particularly evident in hardest hit provinces, such as Turin (North-West) in 1957 and
Trento (North-East) in 1969. For instance, higher-than-expected mortality among chil-
dren aged <1 in Turin in 1957 contributes to about -0.5 out of -2.3 years in the di erence
between observed and baseline life expectancy in the case of men, and to about -0.2 out
of -1.5 years in the case of women. The increase in lifespan variation observed in hardest
hit provinces in both pandemic events is also driven by increased infant mortality rates.
Indeed, higher mortality rates among children aged 0-5 imply an expansion in lifespan
variability which more than compensates the mortality compression implied by increased

mortality among the elderly, particularly in 1957 (Figure 4.12).

4.4.2 The provisional mortality burden of the COVID-19 pan-

demic

Panel A of Figure 4.13 plots the ratio between observed weekly deaths in Italy through-
out 2020 with respect to the baseline by sex, across all ages. Two waves are clearly
discernible in 2020: the rst hit in early March, with a peak in week 12 when male mor-

tality spiked nearly 200% above the baseline, and the second one hit in mid-October. No

165



excess mortality was recorded over the summer months. Such patterns are highly con-
sistent with the timing of containment measures adopted by local authorities as brie 'y
outlined in the Background section. It is worth noting that we estimate no mortality

de cit over the summer months, either. This suggests the absence of short-term har-
vesting dynamics (Toulemon & Barbieri 2005). Indeed, had the rst wave of COVID-19
killed predominantly the most fragile individuals, we should have observed a decline in
mortality compared to the baseline over the summer months. Panel B of Figure 4.13 plots
the cumulative number of weekly excess deaths over the 2020 pandemic period. Over-
all, we estimate a total of about 113,600 excess deaths in Italy over weeks 8-53 of 2020
(59,600 men and 54,000 women), which is nearly 50% higher than the number of o cial
COVID-19 deaths reported by the integrated surveillance system of the Italian National
Institute of Health (Istituto Superiore di Sanitd) over the same period ( 75,900) Our
estimate of total excess mortality in calendar year 2020 ascribable to COVID-19 is higher
than the estimate provided by the Italian National Institute of Statistics (2021) ( 99,000
excess deaths). However, the latter represents a conservative estimate as it is based on
a simple comparison between mortality levels in 2019 and 2020 which does not account
for secular and seasonal trends. In any case, the sizeable discrepancy between all-cause
excess mortality and COVID-19 related mortality over the pandemic period highlights
the usefulness of taking an all-cause excess mortality approach to evaluate the mortality
burden of epidemic/pandemic events. From Figure 4.14, it is evident that excess mor-
tality in ates with age. We estimate no excess mortality for age groups 0-14 and 15-44,
while excess deaths of age groups 45-64 and 65-74 represent about 6% and 13.5% of the
total, respectively. The mortality toll increases substantially for the 75-84 (33% of the
total) and for the 85+ (47% of the total). When considering Italy as a whole, life ex-
pectancy at birth in 2020 drops by about 1.4 and 1.1 years compared to 2019, for men

and women respectively, landing back to the levels of the early 2010s (Figure 4.15, panel

15The number of deaths related to COVID-19 is reported on a daily basis by the Civil Protection
Department of the Italian Government. Data are freely accessible athttps://github.com/pcm-dpc/
COVID-19
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A). Lifespan variation contracts too, by about 0.5 and 0.4 years for men and women

respectively, compared to 2019 levels (Figure 4.15, panel B).

We now turn to province level analysis. Figure 4.16 plots all-cause excess mortality
rate (per 10,000) in 2020 in each province, for men and women separately. It is evident
that country-level estimates mask substantial heterogeneities. Excess mortality in 2020
concentrates sharply in provinces located in the North-West of the country, notably in
the Lombardy region, while the toll in most provinces in the Centre-South is relatively
modest. We nd excess mortality rate to be highest in the provinces of Bergamo (73.6
for men, 53.9 for women), Brescia (45.9 men, 38.8 women), Cremona (68.2 men; 54.1
women), Lodi (59.9 men, 49.4 women), and Piacenza (52.2 men, 41.1 women), which
were the epicentres of the rst pandemic wave in March 2020. To evaluate the impact
of increased mortality on life expectancy at the provincial level, in Panel A of Figure
4.17 we plot the di erence between life expectancy at birth in 2020 vs the 2017-2019
average in each Italian province, for men and women separately. In line with excess mor-
tality rates, life expectancy contracts visibly more sharply in the epicenters of the rst
pandemic wave, where life expectancy in 2020 is estimated to be 2.7 to 4.6 years lower
compared to the 2017-2019 average in the case of men, and 2.2 to 3.0 years lower in the
case of women. While some signi cant contraction in life expectancy at birth is observed
also in a few provinces in the Centre-East and in the South-East, the estimated impact
on life expectancy in the Centre-South of the country is markedly milder compared to
the North, when not nil. Compared to the 2017-2019 average, lifespan variation in 2020
contracts in most provinces. Still, there appears to be no correlation between the impact
on life expectancy and the impact on lifespan variation in the case of men, while the

correlation is mildly negative in the case of women (Figure 4.18).

To fully characterize the unequal mortality impact of COVID-19, we explore excess mor-
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tality patterns by age and sex in each province. Excess mortality materializes among
the 55+ and among the 65+ for men and women respectively, increasing linearly with
age (Figure 4.19). When decomposing the age-speci c contribution to changes in life
expectancy and lifespan variation in 2020 with respect to the 2017-2019 average (Figure
4.20), it is clear that older populations play a major role. The drop in both life ex-
pectancy and lifespan variation is driven by increased mortality at 55-84 and 65-89, for
men and women respectively. It worth noting that increased mortality among the 45-69
contributes positively to the change in lifespan variation Still, such expansion in lifespan
variability is more than compensated by the mortality compression implied by increased

mortality among the 70+.

4.5 Discussion

The disruptiveness of the COVID-19 pandemic has spurred global research e orts on
its health, demographic and socio-economic consequences. To better seize its epochal
e ects, though, historical comparisons with past pandemics are needed. While the 1918
in uenza pandemic has been extensively studied, little attention has been devoted to
other in uenza pandemics which caused important human losses worldwide between the
1950s and the 1960s. To the best of our knowledge, this is the rst study to generate
estimates for the total mortality burden of both the 1957-1958 and the 1968-1970 u
pandemics at the subnational level in a country, i.e. Italy, hardly hit by the COVID-19

pandemic, drawing a historical comparison with the latter.

Before discussing the main results of our study, we highlight its strengths and limits. A
major caveat relates to the di erent types of mortality data we rely on in our analysis,

which limit the comparability of the pandemic events under study. Indeed, while the
empirical analysis for the COVID-19 pandemic is partly based on daily deaths count, the

empirical analysis for the pandemics of the 1950s and of the 1960s is based on annual
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deaths count only. Studies on in uenza-related mortality generally employ weekly or
monthly mortality data, strati ed by sex and age, to estimate excess mortality. However,
this kind of data are not available for Italian provinces for pandemic years of interest in the
1950s-1970s. For this reason, we adopted an annualized approach, and estimated excess
mortality in pandemic years of decades 1950s-1960s with respect to a model-predicted
spline baseline, tted to the historical series of mortality rates outside the pandemic peri-
ods, for each Italian province. A similar approach was used by previous studies to assess
the global mortality burden of past in uenza pandemics (Murray et al. 2006; Viboud

et al. 2013). These works con rmed the general validity of the annualized approach to
estimate total excess mortality. Turning to strengths, the subnational focus is a major ad-
vantage of our analysis since it allows to account for geographically clustered patterns in
contagion, which is key to fully characterize the demographic consequences of pandemics.
Methodologically, the all-cause excess mortality approach is a further strength of our work
since it allows to assess both the direct and indirect human costs of pandemic events.
Moreover, by quantifying total excess mortality in pandemic years, we are able to evalu-
ate the overall impact on population well-being using metrics such as life expectancy and
lifespan variation which enable e ective and reliable comparison of major demographic
shocks over time and place. It is important to keep in mind that life expectancy and
lifespan variation are based on mortality rates observed during a given period. As such,
they provide an estimate of the average life span, and of the surrounding uncertainty, of
a group of individuals living under the observed mortality regime. However, mortality is
rarely constant over time and, therefore, metrics based on period mortality rates, such as
life expectancy, are usually poor indicators for the life span of an actual group of individ-
uals (Luy et al. 2020). This holds true particularly for sudden shocks, such as epidemics,
wars or natural disasters, which yield sizeable but temporary changes in mortality rates.
Nevertheless, although no individual can be expected to experience the mortality regime
of pandemic periods over the entire life course, life expectancy and lifespan variation are

powerful tools for summarizing and comparing mortality shocks over regions and time,
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especially because they do not depend on populations' age structure (Marois et al. 2020).

Our analysis suggests that the human costs of the 1957-1958 pandemic were overall larger
than those of the 1969-1970 pandemic for Italy as a whole. However, the latter hit harder
in speci ¢ provinces. We estimate that in peak year 1957, life expectancy for Italy as a
whole was 1.3 and 1.1 lower than expected, for men and women respectively. In most
severely hit provinces, observed life expectancy was 1.5 to 2 years lower compared to the
baseline, for both sexes. In peak year 1969, instead, life expectancy at the country level
was 0.7 lower than expected in the case of men, and 0.6 lower in the case of women.
However, in most severely a ected provinces, including most of the industrialized areas
in the North of the country, the di erence between observed and baseline life expectancy
in 1969 was nearly up to ve times larger than the di erence recorded for Italy as a
whole. Indeed, we estimate life expectancy in 1969 to be up to 3.1 and up to 2.1 years
lower than expected in hardest hit areas, for men and women respectively. These results
con rm the importance of subnational level analysis for grasping the true scale of pan-
demic severity. The sharper local impact on life expectancy of the 1969 pandemic wave,
compared to the 1957 one, is explained by increased mortality rates among relatively
younger age groups. In most severely hit areas, we nd absolute excess mortality rates in
1957 to be lowest among school-age children and highest among the 75+, documenting
a monotonic increase with age. In contrast, in 1969 excess mortality concentrates in the
60-79 age group, older people being largely spared in most Italian provinces. As docu-
mented through decomposition analysis, mortality among the 80+ does not contribute to
the di erence between observed and baseline life expectancy in 1969. These patterns are
consistent with previous works stressing how “senior sparing', i.e. lack of excess mortality
at older ages, did not play a relevant role in the 1957-1958 pandemic, while it did so in
the 1968-1970 pandemic (Viboud et al. 2013). In 1968-1970, just as in 1918, seniors were

largely spared by pandemic-induced excess mortality due to protection granted by prior
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childhood exposure to antigenically related pathogens (Andreasen et al. 2008; Chowell et
al. 2014; Olson et al. 2005; Viboud et al. 2013). In contrast, excess mortality was recorded
in both pandemic events also among pre-school children, particularly those aged <1. Ex-
cess infant mortality, which has an expanding e ect on the dispersion of age-at-death,
compensating the compression induced by excess mortality among the elderly, explains
also the higher-than-expected lifespan variation observed in hardest hit provinces in both

1957 and 1969.

When comparing the mortality impact of u pandemics of the 1950s-1960s with that of
COVID-19, a few similarities emerge. In particular, high population density areas, such
as the industrialized provinces of Northern Italy, appear as particularly vulnerable to
pandemic events. Indeed, despite di erences in the health care system and in the popu-
lation structure, the North-South mortality gradient documented for the 1969 pandemic
wave is suggestively analogous to the provisional mortality pattern of the COVID-19
pandemic. Moreover, both the pandemic episodes of the 1950s-1960s and the COVID-19
pandemic are characterized by a gender gradient in mortality, human costs being sys-
tematically higher among men as compared to women. As stressed by previous works,
explanations may include biological as well as social and behavioural factors (Galasso et
al. 2020; Krieger et al. 2020). Despite these similarities, several di erences between the
COVID-19 and the 1950s-1960s pandemics stand clearly out. First of all, mortality asso-
ciated to the COVID-19 pandemic in Italian provinces is more spatially clustered. Excess
mortality in 2020 concentrates sharply in Northern provinces, especially in the Lombardy
region, where rst clusters of COVID-19 were detected (Blangiardo et al. 2020). Such ge-
ographical clustering is ascribable to strong containment measures, adopted starting from
early March 2020, which prevented the virus from spreading uncontrolled throughout the
country (Gatto et al. 2020). Second, in the absence of tight containment measures, the

pandemics of the 1950s and 1960s took their toll over very few months. In the case of
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the Hong Kong u, excess mortality was recorded between December 1969 and January
1970. This is not the case of the COVID-19 pandemic, which has been unfolding over
multiple waves whose timing is consistent with that of containment policies implemented

by public health authorities. Third, while pandemic waves of the 1950s and the 1960s
claimed lives at both extremes of the age spectrum, the COVID-19 has taken its toll
mostly among individuals aged 65+, children and young adults<( 45) being spared by
excess mortality. Fourth, notwithstanding the implementation of tight containment mea-
sures, the strong age gradient in excess mortality, and the availability of more advanced
medical technologies, human costs of the COVID-19 pandemic are substantially heavier
than those of pandemic episodes of the 1950s and 1960s. In the Italian epicentres of the
rst wave of the COVID-19 pandemic, life expectancy at birth in 2020 is estimated to
drop as much as by 4.6 years for men and 3 years for women compared to the 2017-2019
average, back to the levels recorded in the early 2000s. Fifth, contrarily to the 1957-
1958 and 1969-1970 pandemic episodes, in 2020 lifespan variation moved in the same
direction of life expectancy, i.e. it decreased. In a context where deaths occur mostly
at older ages, the sharp increase in mortality rates among seniors due to the COVID-
19 pandemic increases average age-at-death while reducing its variation. Such positive
correlation between these two metrics in the aftermath of the COVID-19 pandemic in
Italy is analogous to patterns in life expectancy and lifespan variation detected in Eng-

land and Wales based on all-cause mortality data for 2020 (Aburto, Kashyap, et al. 2021).

In conclusion, while documenting that the mortality impact of the u pandemics of the
1950s and the 1960s in Italy was sizeable, our analysis shows that in the hardest hit areas
of the country the COVID-19 pandemic, whose trail of death is still unfolding at the time

of writing, represents the major mortality shock since the end of World War 1.
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Figures Chapter 4

Figure 4.1. Ratio between observed and baseline all-cause monthly deaths in Italy
1957-1958 and 1968-1970

Notes: For each month of 1957-1958, the baseline is computed as the 1953-1956 average of total deaths. For each month of 1968-1970, the baseline
is computed as the 1965-1967 average of total deaths. Own elaboration based on ISTAT data.
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Figure 4.2: Observed vs baseline life expectancy and lifespan variation at birth Italy 1953-1982
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Figure 4.3: Observed vs expected life expectancy at birth in Italian provinces
1957-1958
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Figure 4.4: Observed vs expected lifespan variation at birth (standard deviation) in Italian provinces
1957-1958
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Figure 4.5: Impact on lifespan inequality at birth vs impact on life expectancy at birth in Italian provinces
1957-1958
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Figure 4.6: Observed vs expected life expectancy at birth in Italian provinces
1969-1970
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Figure 4.7: Observed vs expected lifespan variation at birth (standard deviation) in Italian provinces
1957-1958
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Figure 4.8. Impact on lifespan inequality at birth vs impact on life expectancy at birth in
Italian provinces
1969-1970
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Figure 4.9: All-cause excess mortality by age and province (deaths x 10,000)
1957

Notes. Excess mortality rate calculated as the di erence between observed and expected mortality rate. Provinces are ordered by (total)
age-standardized excess mortality rate.
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Figure 4.10: All-cause excess mortality by age and province (deaths x 10,000)
1969

Notes. Excess mortality rate calculated as the di erence between observed and expected mortality rate. Provinces are ordered by (total)
age-standardized excess mortality rate.
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