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Abstract 

Background: Research has generally found a significant inverse relationship in mortality risk across socioeconomic 
(SE) groups. This paper focuses on Spain, a country for which there continues to be very little evidence available 
concerning retirement pensioners. We draw on the Continuous Sample of Working Lives (CSWL) to investigate dis‑
parities in SE mortality among retired men aged 65 and above over the longest possible period covered by this data 
source: 2005–2018. We use the initial pension income (PI) level as our single indicator of the SE status of the retired 
population.

Methods: The mortality gradient by income is quantified in two ways: via an indicator referred to as “relative mor‑
tality”, and by estimating changes in total life expectancy (LE) by PI level at ages 65 and 75 over time. We show that, 
should the information provided by the relative mortality ratio not be completely clear, a second indicator needs to 
be introduced to give a broad picture of the true extent of inequality in mortality.

Results: The first indicator reveals that, for the period covered and for all age groups, the differences in death rates 
across PI levels widens over time. At older age groups, these differences across PI levels diminish. The second indica‑
tor shows that disparities in LE at ages 65 and 75 between pensioners in the lowest and highest income groups are 
relatively small, although slightly higher than previously reported for Spain. This gap in LE widens over time, from 1.49 
to 2.54 years and from 0.71 to 1.40 years respectively for pensioners aged 65 and 75. These differences are statistically 
significant.

Conclusions: Along with other behavioral and structural aspects, a combination of factors such as the design of the 
pension system, the universality and quality of the health system, and high levels of family support could explain why 
LE inequalities for retired Spanish men are relatively small. To establish the reasons for this increased inequality in LE, 
more research needs to be carried out. An analysis of all Spanish social security records instead of just a sample would 
provide us with more information.
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Background
This paper deals with the association between socioeco-
nomic (SE) status and mortality in old age. Any exami-
nation of SE status in mortality requires us to be clear 
about what the term actually means and what the most 
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used indicators are. The term is used by epidemiolo-
gists, sociologists, economists and actuaries, to name just 
a few, to describe the class standing of an individual or 
group. At an operational level it is often translated into 
education, income, wealth or occupation, for example. 
At different ages, these potential operational definitions 
of SE status may differ in their meanings and relation-
ships to health or mortality [1]. The most used SE indica-
tors when examining mortality in old age are education, 
wealth and income [2, 3]. Education level often shows a 
weaker association with health in old age than other indi-
ces –such as wealth, income, tenure and deprivation [3] 
– and has several additional limitations [2]. Wealth pro-
vides individuals with the resources to manage emergen-
cies, absorb economic shocks and obtain better health 
care than those with less wealth. It is also a cumulative 
measure of lifetime income in cases where a direct meas-
ure is unavailable. The main limitations to using wealth in 
mortality studies of old age are that researchers are con-
cerned about the potential for a reverse correlation with 
poor health, it is very difficult to obtain accurate data on 
wealth and wealth varies widely over the life cycle.

Income is often considered to be a straightforward indi-
cator of material resources and, indeed, it is robustly and 
positively associated with longevity [2]. The main advan-
tage of using it as a measure of SE status is its greater 
range of variation compared with the clustering of edu-
cational attainment at the completion of high school and 
college. Sullivan and Von Wachter [4] argue that average 
earnings over a long period provide a better SE indica-
tor than current earnings, since the latter are subject to 
short-term variation. In the literature, measures involv-
ing one’s financial situation are usually most strongly 
associated to health and mortality in old age rather than 
to education level and social class, for instance [3].

The link between SE status and mortality could have 
implications for a wide range of social security program 
rules [5, 6]. Many OECD countries have addressed the 
issue of increased longevity, usually by increasing the 
retirement age. However, this type of reform may lead to 
substantial transfers from those with shorter lifespans to 
those who will live longer than the average, since they do 
not necessarily take into account SE differences in mor-
tality [7].

The implications of heterogeneity in longevity between 
SE groups as regards pension reform and scheme design 
are substantial because taxes/subsidies counteract the 
envisaged effects of (i) a closer contribution-benefit 
link, (ii) a later formal retirement age to address popula-
tion aging, and (iii) more individual funding and private 
annuities to compensate for reduced public generosity [8, 
9]. Differences in LE between high and low SE groups are 
often large and in recent years have widened further in 

many European countries. Such longevity gaps affect the 
actuarial fairness and progressivity of public pension sys-
tems [10–13].

Auerbach et  al. [14] explore how growing inequal-
ity in LE affects lifetime benefits from Social Security, 
Medicare and other US programs and how this interacts 
with possible program reforms. They conclude that poli-
cymakers would do well to consider the welfare impli-
cations not only of improved longevity, but also of the 
increasing gap in LE by SE status. Also for the US, Reznik 
et al. [15, 16] examine the distributional effects of hypo-
thetical changes in the Social Security retirement pro-
gram on benefit adequacy and the economic status of 
future beneficiaries in the context of ongoing changes 
in LE and differential mortality. They assess the likely 
impact of these options on the benefit levels and eco-
nomic status of different types of future beneficiary, such 
as those with low lifetime earnings. Baurin [17] analyses 
the relevance of using SE characteristics to differenti-
ate between retirement ages. Using US mortality rates, 
he simulates the lifespan distribution both across and 
within SE categories and analyses their ability to predict 
the lifespan of individuals. His main conclusion is that SE 
status has relatively limited predictive power due to the 
huge lifespan heterogeneity “within” each SE category.

In short, the literature on the subject is growing and 
more researchers appear to be taking an interest in mor-
tality and LE inequalities related to SE status and its 
impact on social security programs. Studies detailing 
income inequality in old-age LE are few and far between, 
yet there is evidence that high-income countries experi-
ence substantial and potentially increasing inequality in 
late-life longevity [18].

A substantial decline in mortality in lower SE groups 
has been reported in most of the European countries 
included in its scope [19, 20]. However, relative ine-
qualities in mortality have increased almost universally, 
because percentage declines are usually smaller in lower 
SE groups.

The literature reviewed in this analysis (see the litera-
ture review section for details), which includes the UK 
[21, 22], the USA [23–25], Italy [26–28], Canada [29–31], 
Germany [32–34], the Netherlands [35, 36] and Swe-
den [18], generally indicates that inequalities in old-age 
mortality measured by SE status have widened in recent 
years.

This paper focuses on Spain, a country for which there 
continues to be very little evidence available concern-
ing the link between longevity and income in older age 
groups [37–41] (see the literature review section for 
details). None of the cited papers for Spain look at the 
specific case of retirement pensioners; most focus on 
adults aged 50 and over from the general population due 
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to the lack of information on retired individuals. To the 
best of our knowledge, only one paper [42] so far has 
examined differences in life expectancy (LE) between 
self-employed (SEP) and paid employee (PEP) workers 
when they become retirement pensioners, looking at 
levels of pension income using administrative data from 
Spanish social security records.

According to the above-cited literature [5–36], it is dif-
ficult to hide the real importance of this subject, i.e. the 
link between mortality and LE for retirement pensioners 
by pension income level. In the case of Spain, this is espe-
cially relevant given that an informal proposal has been 
made by the government to use LE by SE group to deter-
mine the initial amount of the retirement pension [43]. 
The Minister of Inclusion, Social Security and Migration 
provided data on mortality by income, sex, and age for 
the case of the USA [44], claiming that, judging by what 
was already known for Spain, there would be little differ-
ence between Spanish and US data. Our paper provides 
new evidence that inequality in mortality for retirement 
pensioners by pension income is actually much lower in 
Spain than the USA.

Given the features of the dataset used in this paper 
and the aims of the study, it is more important to exam-
ine mortality differences in relation to income (average 
earnings) rather than education level or wealth, because 
entitlement to contributory Social Security programs is 
based on income. We use pension income as the only SE 
indicator, given that the amount of the retirement benefit 
is an indicator of the pensioners’ earnings during their 
years of active life (or at least over the 15–25 years imme-
diately preceding retirement).

We present results for mortality trends among male 
pensioners aged 65 and over since the mid-2000s.

We exclude those retirement pensioners belonging to 
the special system for the self-employed (SEP) because 
the pension rules make their benefits a poor proxy for 
lifetime income. Given that poor health is an important 
reason for early retirement, pensioners who access bene-
fits before the statutory retirement age are also excluded, 
as are disability pensioners for the reasons explained in 
the methods section.

The mortality gradient by income is quantified in two 
ways. The first is via an indicator called relative mortality, 
which represents the ratio of the death rate of a subgroup 
to the death rate of the group as a whole. The second is 
by estimating changes in total LE by PI level at ages 65 
 (LE65) and 75  (LE75) over time. Both indicators are used 
worldwide to measure health inequalities [45]. As a sup-
plementary approach a comparison with the mortal-
ity rate for the Spanish population is also provided. Our 
combined approach enables us to accurately answer 
four basic research questions: Are there differences in 

mortality between PI groups? If so, are they statistically 
significant? Are there differing trends in LE between PI 
groups that lead to a widening or narrowing of inequali-
ties over time? Is the (informal) government proposal to 
use LE by SE group to determine the initial amount of 
retirement pension a good idea?

Literature review
In the last two decades there has been a major increase 
in the availability of data linking mortality risk and meas-
ures of SE status for the elderly. The result has been a 
virtual flood of new empirical research showing not 
only that there are great inequities in the risk of death 
between those at the top and those at the bottom of the 
SE distribution, but also that the gap between them has 
been growing [2].

In the UK, death rates for people aged 60–89 improved 
for all groups between 2001 and 2015. However, the 
greatest improvement was among those in higher SE 
groups. The most advantaged fifth of older men saw a 
reduction in death rates of 32%, compared with 20% for 
the least advantaged fifth. Women in this age group expe-
rienced a reduction in death rates of 29% for the most 
advantaged fifth and 11% for the least advantaged fifth 
[21, 22]. Reports on the over-65 s in Germany [32–34] 
and in the Netherlands [35, 36] also show that inequali-
ties in mortality as measured by SE status have widened 
in recent years.

Providing details of SE disparities in LE gains among 
retired German men, Wenau et  al. [34] show that over 
the two decades studied (1997–2016), male mortality 
declined in all income groups in both German regions 
(west and east). Because mortality improved more rap-
idly among higher status groups, the social gradient in 
mortality widened. Since 1997, the distribution of pen-
sion entitlements for retired East German men has 
shifted substantially downwards. As a result, the impact 
of the most disadvantaged group on total mortality has 
increased and partly attenuated the overall improvement. 
Tetzlaff et al. [33] also report that, especially among the 
most elderly men, the gap between low- and high-income 
groups has widened over time. Among women, however, 
a slight reduction in inequalities was observed, driven by 
increases in LE in low-income groups.

Kalwij et  al. [35] estimate a mortality risk model that 
explicitly controls for unobserved individual-specific 
heterogeneity (random effects) using administrative 
data taken from the 1996–2007 Income Panel Study 
of the Netherlands supplemented with data from the 
Causes of Death registry. They find for men and women 
that remaining LE at age 65 for low-income individu-
als as approximately 2.5 years less than that for high 
income individuals. For the period 1996–2016 in the 
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Netherlands, Bär et  al. [36] find that while inequalities 
in mortality have decreased at ages up to 65, they have 
increased for the oldest age groups.

For the USA, Waldron [24] finds a difference in both 
the level and the rate of change in improvements in mor-
tality over time by SE status for male Social Security–cov-
ered workers. Bosley et  al. [23] analyze the relationship 
between average indexed monthly earnings (AIME) and 
mortality rates for Social Security retired-worker ben-
eficiaries. AIME are used to calculate the primary insur-
ance amount (PIA) used to determine an individual’s 
Social Security benefits in the USA. The authors observe 
lower death rates for retired-worker beneficiaries with 
higher-than-average AIME levels and higher death rates 
for retired-worker beneficiaries with lower-than-aver-
age AIME levels. At older ages, the differences in death 
rates across AIME levels diminish. The trends from 1995 
to 2015 show the difference in death rates across AIME 
levels remaining fairly steady. Goldman and Orszag [25] 
estimate LE at age 65 across AIME quintiles. The gap in 
LE at age 65 between the highest and lowest AIME quar-
tiles increases by 81%, from 3.1 years for males born in 
1928 to 5.6 years for males born in 1990. For females the 
gap almost doubles, from 1.7 years to 3.3 years over the 
same time period.

In Italy it has been found that the association between 
lifetime income and old age mortality risk is negative but 
weak across most of the income distribution. After con-
trolling for regional differences, Belloni et al. [26] report 
that the income-old age mortality gradient is generally 
stable over time. However, the research by Lallo and 
Raitano [27] highlights extreme differences in mortal-
ity risks by SE status (occupational group, education and 
subjective household economic condition), confirms the 
existence of large health inequalities and strongly ques-
tions the fairness of the Italian public pension system. A 
more recent study on Italy by Ardito et  al. [28] reveals 
an increasing gap in LE at 65 between income quartiles 
and occupational classes. By following three cohorts of 
workers employed in Italy during 1990–1994, 1995–1999 
and 2000–2004 for 20 years, their analysis shows that the 
gap in life expectancy at 65 between the highest and the 
lowest income quartile widened by 0.7 years for men and 
0.4 years for women. In the most recent cohort, remain-
ing life expectancy at age 65 for men in the lowest-
income quartile was approximately 1.8 years less than 
that for men with the highest incomes, while the corre-
sponding gap for women was 0.33 years.

A comparison of annual mortality improvement rates 
over 15 years (1998 to 2013) for retirement beneficiar-
ies by level of pension that was compiled by OSFIC [29] 
for Canada shows that, for both males and females in the 
65 to 94 age group, the rates for those with pensions of 

less than 37.5% of the maximum (3.0% for males, 1.7% 
for females) are greater than for those with the maxi-
mum pension level (2.5% for males, 1.4% for females). 
Also for Canada, Wen et al. [31] report a detailed analy-
sis of mortality among Canada and Quebec Pension Plan 
beneficiaries broken down by pension income (PI) level. 
Their analysis builds on earlier work by Adam [30]. They 
conclude that there is significant variation in mortality 
between all pension levels, especially at younger ages, 
and that the inequality gap narrows with age.

Fors et al. [18] have tracked income inequality in old-
age LE and life span variation in Sweden between 2006 
and 2015. Their main result is that the gap in LE at age 65 
grew by more than a year between the lowest and highest 
income quartiles, for both men (from 3.4 years in 2006 to 
4.5 years in 2015) and women (from 2.3 to 3.4 years). This 
widening income gap in old-age LE was driven by dif-
ferent rates of mortality improvement: individuals with 
higher incomes increased their LE at a faster rate than 
those with lower incomes.

For Spain, Regidor et  al. [39] assess the link between 
education and occupational class on the one hand and 
mortality on the other over an 8-year period and seek 
to identify possible factors to explain it. They conclude 
that mortality inequalities among older Spanish adults 
are small. Kulhánová et  al. [37], looking to explain this 
low level of inequality, concluded that smaller inequali-
ties in mortality in Spain were only found for cardiovas-
cular disease and cancer. Inequalities in mortality from 
most other causes were not smaller in Spain than else-
where. Permanyer et al. [38] explored the gradient in LE 
by educational attainment group and inequality in age-
at-death distributions within and across those groups for 
the period between 1960 and 2015 in Spain. Their main 
conclusion was that health inequality is increasing across 
education groups and within the least-educated ones.

Solé-Auró et  al. [40] computed educational inequali-
ties in LE, healthy life expectancy (HLE) and unhealthy 
life expectancy (ULE) by gender and education level in 
Spain for 2012. They detected substantial differences in 
ULE by gender and education, with a higher effect on 
women and those with low levels of education. How-
ever, they also provided new evidence of a possibly lower 
gradient in mortality and health in Spain. González 
and Rodríguez-González [41] analyze the evolution 
of inequality in mortality in Spain during the period 
1990–2018. They focused on age-specific mortality 
and considered inequality across narrowly defined geo-
graphical areas, ranked by average SE status. They found 
that the decreases in mortality seen over these 28 years 
in Spain were accompanied by reductions in inequal-
ity among younger cohorts, although inequality actually 
increased over the period for older men.



Page 5 of 21Pérez‑Salamero González et al. International Journal for Equity in Health           (2022) 21:96  

Finally, Pérez-Salamero González et  al. [42] examined 
differences in LE between self-employed (SEP) and paid 
employee (PEP) workers when they become retirement 
pensioners, looking at levels of pension income using 
administrative data from Spanish social security records. 
They found that LE at 65 is slightly higher for SEP than 
for PEP retirement pensioners, despite the fact that the 
average retirement benefit is (much) lower for SEP than 
for PEP workers.

To summarize, this section has highlighted the impor-
tance of the link between mortality and (pension) income 
level and the fact that very little is known on this subject 
in Spain. The present paper helps to fill a gap in the lit-
erature because it enriches some of the results presented 
in Pérez-Salamero González et  al. [42] in various ways: 
introducing the concept of relative mortality, focus-
ing on paid employee (PEP) workers when they become 
retirement pensioners (self-employed workers when they 
become retirement pensioners are excluded given the 
weak link between pension income and LE), and refin-
ing the procedure for obtaining life expectancies within 
groups and including total LE by PI level at age 75.

Methods
We use the Continuous Sample of Working Lives 
(CSWL), a Spanish large administrative dataset, that 
offers several advantages over survey data [46]. CSWL is 
a random sample of around 1.2 million people, i.e. 4% of 
the reference population. It contains administrative data 
on the working lives which provide the basis for the sam-
ple taken from Spanish Social Security records and com-
prises anonymized microdata with detailed information 
on individuals [47, 48].

The first wave covers people who had a financial link 
with the Social Security system in 2004 and provides the 

entire working history of the sample population. The 
sample is updated every year using information from the 
variables selected from the Social Security system dat-
ing back to when computerized records began, and from 
other administrative data sources which record addi-
tional information on individuals. The data available to 
researchers runs from 2005 to 2018.

The sample reference population is defined as individu-
als who have had some connection (through contribu-
tions, pensions or unemployment benefits) to the Social 
Security system at any time during the year of reference. 
Individuals who for any reason have no connection to 
Social Security in a particular year do not appear in the 
CSWL. Nor are public employees included.

Table 1 shows the participants/records excluded (abso-
lute values and percentage) from the initial number of 
beneficiary records classified according to group selec-
tion (G) and technical reasons (T).

The contributory system in Spain is structured in differ-
ent “regimes” or schemes, each of which covers a group 
of workers of a particular type. The General Regime is 
the essential core of the whole system and includes all 
employees over 16 not included in another “special sys-
tem” [42].

In our study the initial population are the (true) retire-
ment pensioners whose retirement age was 65 (the ordi-
nary retirement age) or more within the general scheme. 
Until 31 December 2012, the statutory retirement age 
in Spain was 65. From 2027 onwards there will be two 
standard retirement ages: 65 with 38.5 years’ contribu-
tions and 67 with 37 years’ contributions. The shift from 
65 to 67 is being made gradually between 2013 and 2027.

Because of lower labor force participation rates 
among the equivalent female cohorts in Spain and the 
fact that women sometimes have shorter careers (in 

Table 1 Participants/records excluded from the initial number of beneficiary records classified according to group selection (G) and 
technical reasons (T)

Source: Own work based on [49]

Items 2005–2010 % 2011–2014 % 2015–2018 %

Beneficiaries’ records (initial) 2,132,383 100 1,891,168 100 1,993,204 100

Invalid date of birth (T) − 1686 − 0.08 − 858 − 0.05 − 636 − 0.03

Female records (G) −1,082,974 −50.79 − 962,393 − 50.89 − 1,017,930 − 51.07

Non-retirement records (G) − 413,448 − 19.39 − 357,805 − 18.92 − 360,900 − 18.11

Administrative errors (T) − 4203 − 0.20 − 3140 − 0.17 − 2602 −0.13

Benefits of deceased pensioners (T) −25,209 − 1.18 −22,272 − 1.18 − 24,260 −1.22

Retirement beneficiaries’ records 604,863 28.37 544,700 28.80 586,876 29.44

Early retirement (G) − 281,620 −13.21 − 241,433 − 12.77 − 257,241 − 12.91

Special schemes (G) − 147,242 −6.91 −91,516 −4.84 − 107,151 −5.38

Other excluded records (T) − 2790 −0.13 −21,745 −1.15 − 952 − 0.05

Beneficiaries’ records (final) 173,211 8.12 190,006 10.05 221,532 11.11
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terms of years of employment) and may work less inten-
sively than men due to family roles and commitments, 
females are excluded. Most OECD countries have seen 
a considerable rise in female labor force participation 
since the mid-twentieth century. However, Spain lagged 
behind and until the beginning of the twenty-first cen-
tury the male breadwinner model was predominant 
among Spanish families. Lozano and Renteria [50] 
point out that, among females, the growth in precarious 
LMLE – labor market LE, which commonly describes 
the number of years that individuals are expected to 
be economically active – may indicate that their entry 
into the labor market over the last 30 years has involved 
low-quality employment conditions.

Bearing the above reasons in mind, the PI level can-
not really be considered a suitable indicator for wom-
en’s working-life income in Spain, at least not as far 
as the data we use are concerned. This is also true for 
retired German women [34]. In Poland, the impact of 
pension income on LE is much stronger among men 
than women, for whom LE is strongly influenced by 
other factors [51]. The focus of our analysis in this 
research is therefore the male mortality gradient by 
pension income.

Mortality among disabled people is far higher than 
among the general population [52–54], so combining 
the two populations (retirement pensioners and disabled 
pensioners) could have a seriously misleading effect when 
it comes to accurately determining the male mortality 
gradient by pension income.

Given that poor health is an important reason for early 
retirement [55], pensioners who access benefits before 
the statutory retirement age are also excluded. However, 
it must be said that very little research has explored the 
impact of early retirement, and the literature highlights 
the existence of heterogeneous effects, mainly according 
to occupation and gender. The effects are rarely signifi-
cant for women [56].

Retirement pensioners belonging to the special system 
for the self-employed (SEP) are also excluded because the 
pension rules make their benefits a poor proxy for life-
time income [42]. It is paradoxical that the average retire-
ment benefit for all the pensions in payment was around 
€10,196 per year in 2018 for the SEP regime. The same 
figure for the general regime was €17,291 per year in 
2018, i.e. 70% higher than in the SEP regime.

Finally, as shown in Table 1, of all the initial beneficiary 
records for each of the periods considered, by the end – 
once the whole process of sifting and excluding had been 
completed – only 8.12% of the original records remain 
for the first period, along with 10.05% for the second and 
11.11% for the third. By far the most important reason for 
excluding beneficiary records involves group selection.

Variables and socioeconomic groups
The following variables are available in the CSWL data: 
Month and year in which the pension was first paid and 
ended (if ended), regulating base used to calculate the 
amount of the benefit, years contributed under each pen-
sion regime, benefit type (old age pension, early retire-
ment, disability insurance, survivor’s benefits, other), 
and gender. The design of the Spanish pension system, 
to a large extent, guarantees that retirement benefits are 
closely related to lifetime earnings, i.e. the initial pension 
amount is a (good) proxy for the income stream the pen-
sioners had during their active lives (or at least over the 
15–25 years immediately preceding retirement).

Measuring income is not as simple as it may sound. 
It can be conceptualized at the individual or household 
level, with the former better reflecting an individual’s 
earning ability and the latter better capturing living 
standards [57].

There are basically two main approaches to measur-
ing income: to divide individuals into specific income 
percentiles, i.e. distribute them into equally sized ordi-
nal groups, or to categorize them into absolute income 
brackets. Given the features of the database used, we 
have divided pensioners on the basis of income cut-off 
points deriving from the pension income distribution 
of the total population of retirement pensioners. This 
approach is often used in actuarial and social insurance 
studies [23, 29–31, 58–60], given that the research out-
comes are easier to convey to policymakers and non-
technical interested readers.

Table 2 shows the exposures in person-years and num-
ber of deaths (percentages) for the “hypothetical pen-
sioner income levels” and periods studied. To analyze 
the data, we group the records into four PI levels (Bm): 
“1-Low”; “2-Medium-Low”, “3-Medium-High” and 
“4-High”. We assign pensioners to each group according 
to the minimum (Min) and maximum (Max) benefits in 
force at the time of their retirement. The hypothetical 
scaled pensioners are classified as “Low”, “Medium-Low”, 
“Medium-High”, and “High” recipients; Low: B1 ≤ Min; 
Medium-Low: Min < B2 ≤ (0.5Max + 0.33Min); Medium-
High: (0.5Max + 0.33Min) < B3 ≤ 0.75Max; and High: 
B4 > 0.75Max.

In short, pensioners are classified into one group or 
another according to the initial amount of their pension. 
This is calculated taking their working life into account, 
i.e., the initial amount is an indicator of their earnings 
during the years of their active life (or at least over the 
15–25 years immediately preceding retirement).

Once a worker is classified as belonging to a particu-
lar group, when they retire, they will remain in that 
group over time. If we were using pension income per-
centiles, then given that the composition of the sample 
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changes every year due to deaths and new pensioners 
being admitted as replacements, some individuals could 
change quartile (going up to the next one or down to the 
one below) depending on the initial amounts of the new 
retirees’ pensions. This reassignment of individuals could 
have an impact on the results [61].

For the last year considered in our study (2018), there 
was a minimum pension benefit payable from age 65 
equal to EUR 657.60 per month for single pensioners and 
EUR 811.40 per month for pensioners with a dependent 
spouse (14 payments per year). If the initial retirement 
benefit determined according to the rules in force falls 
below the legislated minimum amount, then a comple-
ment is added to it. However, there are certain limitations 
governing receipt of that complement, depending on 
overall earnings levels. The group of so-called “low” pen-
sioners therefore includes individuals with benefits below 
the “official” minimum benefit.

The maximum pension was EUR 2617.53 per month in 
2018 with 14 payments per year. In practice, a retirement 
pensioner can receive a higher benefit (up to 26% more) 
than the “official” maximum benefit due to the mater-
nity supplement and/or additional amounts for delaying 
retirement beyond the statutory age.

Methodology
The male mortality gradient by pension income is ana-
lyzed in two complementary ways: First we estimate 
an indicator called “relative mortality”, which we use to 
compare graduated death rates among retired male ben-
eficiaries by age group and PI level to the annual death 
rate among retired male beneficiaries for that age group 
for three different periods: P1: 2005–2010, P2: 2011–2014, 

and P3: 2015–2018. The first period is 5 years whereas 
the second and third are 4 years. The actual number of 
deaths and the risk exposure used to calculate the crude 
annual death rate come from the CSWL (Tables 1 and 2).

For each age group we calculate relative mortality rates 
at various PI levels. The final graduated beneficiary mor-
tality rates, qj,mx,P , represent the best estimates of the rates 
for period-year interval P. Once the graduation process 
has been concluded, the relative mortality ratio, RMj,m

h,P , 
can be obtained immediately. This is the ratio between 
the death rate of a subgroup and the death rate of the 
group as a whole [23]. For the subgroup of pensioners in 
age interval h, with PI level m and gender j, for period-
year interval P, it is:

A relative mortality ratio of 1.00 for a PI level indicates 
that it is the same as the death rate for that age group as 
a whole. A relative mortality ratio of less than 1.00 means 
that the rate for that PI level is lower than the death rate 
for that age group as a whole (or any other group of inter-
est), while a rate of more than 1.00 means that the death 
rate is higher than for that age group as a whole.

If the death rate is higher for low PI beneficiaries than 
for high PI beneficiaries but is constant over time, then 
these mortality differentials by SE status will show no 
trend over time. But if the death rate for the longer-lived 
group declines more quickly than for the shorter-lived 
group, then mortality gaps will widen over time. Con-
versely, if the reduction in mortality for the shorter-lived 
group improves faster than for the longer-lived group, 

(1)RM
j,m
h,P =

q
j,m
h,P

q
j,T
h,P

Table 2 Pensioners by initial pension income level: exposures in person‑years and number of deaths by period

Source: Own work based on [49]

Periods Items Groups

Low Med-Low Med-High High Total

2005–2010 Exposures 22,146 70,622 26,169 28,165 147,102

% Exposures 15.05 48.01 17.79 19.15 100

Deaths 1132 3379 937 781 6229

% Deaths 18.17 54.25 15.04 12.54 100

2011–2014 Exposures 20,116 74,562 23,958 37,129 155,764

% Exposures 12.91 47.87 15.38 23.84 100

Deaths 970 3539 902 874 6285

% Deaths 15.43 56.31 14.35 13.91 100

2015–2018 Exposures 21,562 83,420 25,995 49,921 180,897

% Exposures 11.92 46.11 14.37 27.60 100

Deaths 1009 4003 1040 1138 7190

% Deaths 14.03 55.67 14.46 15.83 100
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then mortality gaps will narrow over time. Mortality gaps 
could also narrow if the rate of mortality increases for the 
longer-lived group but declines or remains steady for the 
shorter-lived group; and gaps could widen if the mortal-
ity rate increases for the shorter-lived group but declines 
or remains steady for the longer-lived group.

The technicalities for calculating the relative mortality 
risk ratio can be seen in the technical Appendix.

As shown below, if the information provided by the rel-
ative mortality ratio is not properly understood it could 
mask real differences for a given PI group, so an addi-
tional indicator needs to be introduced to give a broad 
picture of the true extent of inequality in mortality [62].

The second way of quantifying the male mortality gra-
dient by income is by estimating changes in total LE by 
PI level at age 65  (LE65) and 75  (LE75) over time. More 
specifically, we use the Mort1Dsmooth function in the 
MortalitySmooth R package [63], which is tailored for 
mortality research, to construct complete-period life 
Tables (LT) from age 65 to age 101 and calculate  LE65 and 
 LE75 for the three periods analyzed. In order to check the 
robustness of the estimated changes in total LE by PI, we 
have also used an R Package for Mortality Rates Gradua-
tion by Discrete Beta Kernel Techniques [64].

Finally, the technical details for testing whether there is 
a significant positive difference in LE can be seen in the 
technical Appendix [65–67].

Results
Table 3 shows the relative mortality ratios by age group 
and PI level for the three different periods considered, 
running from 2005 to 2018:  P1: 2005–2010,  P2: 2011–
2014, and  P3: 2015–2018. These ratios are calculated 
according to formula (1).

For 2005–2010 the relative ratios for the male 65–69 
age-group are 1.49, 1.03, 0.95, and 0.77 from the lowest 
PI level to the highest. The figure of 1.49 for the lowest 
PI level means that the death rate is 49% higher than for 
that age group as a whole, while the figure of 0.77 for the 
highest PI level means that the death rate is 23% lower 
than for that age group as a whole. Table 2 shows that in 
groups containing older ages there is less of a difference 
in relative mortality rates between PI levels.

A comparison of interval  P1: 2005–2010 with  P2: 2011–
2014 shows a generalized increase in relative mortality 
inequality for almost all age groups, with the exception 
of the 75–79 group, where the difference in relative mor-
tality between the lowest and the highest PI levels drops 
from 0.23 to 0.17, i.e. the relative mortality inequality 
within this age group is lower than in the previous period.

A comparison of interval  P2: 2011–2014 with  P3: 2015–
2018 shows a substantial increase in relative mortality 
inequality for the youngest age groups (65–69; 70–74 and 
75–79) and a slight reduction for the rest (80–84; and 
85+).

Table 3 Relative mortality ratios by age group and initial pension income (PI) level

Source: Own work based on [49]

Periods Age PI level Dif.

Group Low Med-Low Med-High High Low-High

P1: 2005–2010 65–69 1.49 1.03 0.95 0.77 0.72

70–74 1.18 1.05 0.86 0.83 0.35

75–79 1.12 1.04 0.92 0.89 0.23

80–84 1.05 1.02 0.95 0.92 0.13

85+ 1.00 1.01 0.90 0.90 0.10

Total 1.18 1.13 0.86 0.61 0.57
P2: 2011–2014 65–69 1.59 1.02 0.94 0.85 0.74

70–74 1.21 1.05 0.89 0.82 0.37

75–79 1.11 1.00 0.96 0.94 0.17

80–84 1.06 1.03 0.95 0.84 0.22

85+ 1.05 1.05 0.89 0.81 0.26

Total 1.21 1.15 0.80 0.59 0.62
P3: 2015–2018 65–69 1.67 1.09 0.93 0.75 0.92

70–74 1.37 1.07 0.91 0.79 0.58

75–79 1.22 1.07 0.95 0.85 0.37

80–84 1.07 1.06 0.91 0.86 0.21

85+ 1.05 1.08 0.85 0.83 0.22

Total 1.25 1.19 0.78 0.58 0.67
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Table 3 also shows the trend in relative mortality ratios 
for the whole range of age groups and periods analyzed. 
It reveals that the difference in death rates across PI lev-
els (column Dif. Low-High) widened further for male 
retirement pensioners. For 2005–2010, the gap in relative 
mortality rates for the whole range of age groups between 
pensioners in the lowest and the highest income groups 
is 0.57. This gap widens over time and reaches 0.67 in 
2015–2018. Overall, the literature reviewed [21–36] gen-
erally indicates that when mortality gaps have widened 
over time in the past, the probabilities of death have usu-
ally fallen faster for high-status groups than for low-sta-
tus groups. As can be seen in Table 4, this is what actually 
happens in the Spanish data studied here.

Table 4 shows the mortality improvements (%) by age 
group and pension income (PI) level. These figures are 
obtained by comparing the graduated death rates by age 
weighted by the number exposed to risk for each of the 
periods.

Obviously, when the mortality improvement for a given 
age group has a negative value, for example −3.78% for 
period  P1-P2 and age group 65–69, the real meaning is 
that there is a mortality deterioration, i.e. the death rates 
are higher in this period  (P2) than in the previous one  (P1) 
for this age group.

The reduction in death rates measured by PI levels 
over the two intervals  (P1-P3) fully explains the change 
in relative mortality inequality. This reduction is (much) 

higher for the “High” (14.18%) and the “Medium-High” 
groups (10.91%) than for the whole group (8.76%) and 
given that the previous relative mortality rates were less 
than 1.00 for both groups (0.61 and 0.86 respectively in 
period 1), the figures for the rates of these two groups 
in the third period (0.58 and 0.78 respectively) indicate 
that inequality in mortality has increased over time. For 
the case of the “Low” and “Medium-Low” groups the 
improvements in mortality are (much) lower (2.97 and 
3.73% respectively) than for the whole group (8.76%), 
so the figures for their ratios in this second period (1.25 
and 1.19 respectively) are further from 1.00 than in the 
first period (1.18 and 1.13 respectively).

For the whole period considered the improvement in 
mortality is quite substantial at 8.76% for the group of 
pensioners as a whole but varies widely from one pen-
sioner income level to another. The higher the PI level, 
the greater the improvement in mortality.

It is worth noting that the improvement in mortal-
ity is not uniform across age groups. If the results are 
observed over two intervals  (P1-P3), then for some age 
groups there has been a deterioration in mortality (the 
age group 65–69 in all the PI levels, and the age group 
70–74 in the case of the “Low” group). If we look at 
the result for the age groups without considering the 
PI level, i.e. the last column in Table  4, the age group 
65–69 is the one that has suffered a deterioration in 
mortality (− 3.31%), with the age group 75–79 being 

Table 4 Mortality improvements by age group and initial pension income (PI) level

Source: Own work based on [49]

Periods Age PI level Total

Group Low Total Med-High High

P1-P2 65–69 − 3.78% 4.07% 4.34% −7.67% 3.12%

70–74 3.15% 5.45% 2.35% 7.52% 6.04%

75–79 9.47% 11.28% 4.70% 3.43% 8.34%

80–84 7.46% 7.74% 8.94% 16.11% 8.55%

85+ −4.22% −3.90% 0.99% 9.47% −0.07%

Total 1.58% 1.98% 4.31% 7.50% 4.01%
P2-P3 65–69 −11.56% −12.97% −5.99% 6.37% −6.64%

70–74 −8.00% 2.81% 2.82% 8.63% 4.70%

75–79 −4.63% −1.60% 6.61% 14.05% 5.23%

80–84 2.52% 0.83% 7.04% 1.47% 3.39%

85+ 6.61% 3.98% 10.85% 5.31% 6.86%

Total 1.41% 1.79% 6.90% 7.22% 4.95%
P1-P3 65–69 −15.78% −8.38% −1.39% −0.81% − 3.31%

70–74 −4.60% 8.10% 5.11% 15.50% 10.45%

75–79 5.29% 9.86% 11.00% 16.99% 13.13%

80–84 9.79% 8.50% 15.35% 17.34% 11.65%

85+ 2.67% 0.24% 11.73% 14.27% 6.80%

Total 2.97% 3.73% 10.91% 14.18% 8.76%
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the one with the most notable improvement in mortal-
ity (13.13%).

At first glance, it might appear that the observed rela-
tive mortality ratios found for the periods analyzed would 
imply enormous differences in LE between the groups 
of beneficiaries sorted by PI levels. However, as shown 
below, this is not entirely the case.

Figure  1 shows complete LE at age 65,  LE65, and the 
improvements in it measured by PI level for the periods 
studied. This figure is broken down into 2 graphs.

Graph (a) in Fig. 1 shows that  LE65 has a positive link 
with PI level. The higher the PI level, the higher the LE at 
age 65. Graph (b) shows that across all SE groups (total), 
 LE65 increases by 0.34 years between the first and second 
periods and by 0.30 years between the second and third. 
For the same periods shown for Graph (a) in Fig. 1, the 
 LE65 of the general population (males) increased by 0.81 
and 0.30 years respectively [68]. In the first period, the 

absolute mortality improvements are largest in the most 
advantaged group (0.61 years) and smallest in the most 
disadvantaged group (0.16) For the second period, ben-
eficiaries in the most advantaged group also show a mor-
tality improvement of 0.52 years while those in the most 
disadvantaged group show a small decline in their LE 
(− 0.12 years). For the whole period  (P1-P3), it can be said 
that the higher the PI level, the greater the improvement 
in LE.

Figure 2 shows  LE65 and its absolute differences by PI 
levels for the periods studied. This figure is also broken 
down into 2 graphs: Graph (a) shows the difference in 
 LE65 between each group and the total LE while Graph 
(b) shows the difference in years using the highest PI 
group as a benchmark.

The results are remarkable: Absolute differences 
between the highest and lowest groups are found to have 
widened over time. For both groups in the third period, 

Fig. 1 LE65 and improvement in it measured by initial pension income (PI) level. a  LE65 by PI level. b Improvement in  LE65 by PI level
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LE is further from that of the population as a whole 
than in the first period (Graph (a)). Graph (b) provides 
valuable information: For 2005–2010, a gap of 1.49 years 
between pensioners in the lowest and the highest income 
groups is reported. This gap widens over time and reaches 
2.58 years in 2015–2018. A similar trend can be observed 
if the highest PI group is compared with the other two 
groups. The linear trend lines point to a constant increase 

in SE mortality disparities for all groups, but with a 
steeper social gradient in the lowest PI group.

But what about LE at older ages? Figure 3 shows com-
plete LE at age 75,  LE75, and the improvement in it by PI 
levels for the periods under study. This figure is also bro-
ken down into 2 graphs.

Similar comments to those on the previous figure can 
be made about  LE75 and improvement in it by PI levels 

Fig. 2 LE65 and differences in it by initial pension income (PI) levels. a Differences in  LE65 (benchmark Total). b Differences in  LE65 (benchmark 
Highest)
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for the periods studied. For the whole period  (P1-P3) it 
can be said that the higher the PI level, the greater 
the improvement in LE. However, the second period 
 (P2-P3) is an exception:  LE75 gain is larger for the lowest 
group (0.14 years) for the Medium-Low group, and the 
same finding emerges when the Medium-High group 
(0.53 years) is compared to the most advantaged group 
(0.41). The rationale behind this is the observed fact 
(Table  4) that the rate of mortality improvement is not 
uniform across the age range within each PI level, i.e. 
the age-death rate structure for each group of benefi-
ciaries by PI levels does not changes proportionally over 
time. The changing gaps in LE between several PI groups 
depends on differential changes in age-specific mortality 
rates and differences in “survivability”, a summary meas-
ure of initial age-specific mortality rates. Survivability at 

a given age measures the likelihood of surviving until this 
age multiplied by the expected remaining life years after 
surviving to this age. Intuitively, a person only benefits 
from a reduction in an age-specific mortality rate if they 
have survived until this age (ex ante effect) and, if so, the 
benefit is the expected extra life years thereafter (ex post 
effect) [62].

It is worth highlighting that the results shown in Figs. 2 
and 3 are almost identical using the R Package for Mor-
tality Rates Graduation by Discrete Beta Kernel Tech-
niques [64].

These results in Figs.  2 and 3 raise the question as to 
whether  LE65 and  LE75 differences between PI levels are 
statistically significant or not.

Table  5 shows us more detailed information. For all 
three periods analyzed, it shows the differences in  LE65 

Fig. 3 LE75 and differences in it by initial pension income (PI) levels. a  LE75 by PI level. b Improvement in  LE75 by PI level
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and  LE75  (DLE65 and  DLE75, respectively) from one PI 
group to another, from Med-Low and Low to High and 
Med-High, together with the standard error for those 
differences and the z-score value of the test statistic to 
test the null hypothesis that the difference in LE is zero 
against the alternative of its being positive.

The results show that most  DLE65 are statistically 
significant at 1% or 5%, with the sole exception of the 
difference between High and Med-High PI groups in 
2005–2010, which is not significant at 10%. Apart from 
the same exception as in the case of  LE65, differences 
in  LE75 between Med-Low and Low PI groups are not 
statistically significant. For the rest of the comparisons, 
some are statistically significant at 1% and others at 5% 

or 10%. These results thus support the idea that there 
is highly significant evidence of a positive relationship 
between  LE65 and PI groups. As expected, given that at 
older ages there is less of a difference in relative mortal-
ity ratios between PI levels, the statistical significance 
diminishes slightly as the figures rise to age 75 and 
older.

What is shown in the above table can be seen more 
intuitively in Table 6, which shows 95% confidence inter-
vals (CIs)  LE65 and  LE75 for all PI groups of pensioners 
and all three periods analyzed.

As Table  5 indicates, for the first period and the case 
of  LE65, the difference between high and Med-High PI 
groups is not statistically significant. The intuitive reason 

Table 5 Absolute differences in LE between initial pension income (PI) groups by periods and ages

*** significant at 1% one‑tailed test. ** significant at 5% one‑tailed test. * significant at 10% one tailed test

Source: Own work

Table 6 LE65 and  LE75. 95% Confidence intervals by initial pension income (PI) groups and periods

Source: Own work
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can be seen in Table 6; the upper bound of 95% CI (97.5th 
percentile) for the Med-High group is higher (20.86 years) 
than the lower bound of 95% CI (2.5th percentile) for 
the best-off group of pensioners (20.21 years). For the 
case of  LE75 the same intuitive explanation applies. The 
upper bound of 95% CI for the Med-High group is higher 
(12.71 years) than the lower bound of 95% CI for the best-
off group of pensioners (12.04 years). As a general rule, 
the greater the difference between the upper bound of a 
PI group “m” and the lower bound of an adjacent (wealth-
ier) PI group, the more likely it is that the null hypothesis 
that the difference in LE is zero will be accepted.

We also present a comparison of our results with the 
LE of the Spanish population as a whole [68] (Fig.  4, 
Graph (a) for  LE65 and Graph (b) for  LE75).

As expected, individuals within the sample live 
longer than the general population because one of the 
requirements for obtaining a retirement pension is to 
have contributed for at least 15 years, including at least 
2 of the last 15 years. This requirement is expected 
to exclude some of the most at-risk members of the 
Spanish population because of the strong correlation 
between labor force participation and health observed 
in several countries [24, 69–71]. It is worth recalling 
that disabled beneficiaries and early retirees, collec-
tives with lower LE than general population, were also 
excluded.

What is remarkable is the fact that  LE65 for pen-
sioners is around 10% higher (1.82 years) than for the 
general population in the first period, but this relative 

Fig. 4 LE65 and  LE75. Comparison between our group of pensioners and the Spanish general population. a Comparison in  LE65 between our group 
of pensioners and the Spanish general population. b Comparison in  LE75 between our group of pensioners and the Spanish general population
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advantage narrows over time; for the third period it is 
only around 7% (1.35 years). Unsurprisingly, the relative 
difference in  LE75 compared with the general popula-
tion is smaller than for  LE65. For the first period,  LE75 
for pensioners is around 8.72% higher (0.97 years) than 
for the general population, whereas for the third period 
it is only around 5.74% (0.69 years).

Discussion
We find an inverse relationship between PI levels and 
mortality for male retirement pensioners. The trend over 
the full period analyzed shows that the difference in LE 
by PI level has widened. Although it should be consid-
ered with due caution, given that the selection of pen-
sioner groups to be studied are not completely equivalent 
for the various countries with similar research based 
on pension fund and Social Security data, our result is 
robust and in line with studies on Germany [32–34] and 
the USA [15, 24], which have also reported increasing 
inequalities among elderly men. Similarly, to what has 
been reported for other countries, at older ages the dif-
ferences in death rates (LE) across pension levels dimin-
ish. Researchers frequently use the “age-as-leveler” 
hypothesis to explain decreasing inequality and a weak-
ened relationship between income position and mortality 
in advanced old ages (from 80 to 85 onwards) [72].

Likewise, two recent investigations for Chile [58] and 
Argentina [59], also based on Social Security records, 
report differences in  LE65 inequality among retired men 
by pension income level very similar to our findings. In 
Chile it is reported that there is a three-year difference 
in  LE65 between the lowest and highest income groups in 
both men and women, whereas for Argentina the differ-
ence is around 2.5 years.

Our findings also reveal that, in a European context, LE 
inequality among retired Spanish men is relatively small. 
This is in line with previous findings for Spain involv-
ing older adults and using very different methodologies 
and/or databases [37–41]. Regidor et  al. [39], for exam-
ple, conclude that mortality inequalities in older Spanish 
adults are small. The ubiquity of social safety nets and 
widespread adherence to the Mediterranean diet may be 
responsible for this finding. The research by Kulhánová 
et al. [37] suggests that these smaller inequalities in mor-
tality seem to be a historical coincidence rather than the 
outcome of deliberate policies. Mackenbach et  al. [73] 
also report that relative inequalities in mortality are larg-
est in the East (Czech Republic, Lithuania, Hungary, 
Estonia, and Slovenia) and smallest in the South (Spain 
and Italy). Finally, Solé-Auró et al. [40] suggest that this 
lower gradient in mortality may in part be explained by 
a later process of economic modernization. It might also 
be explained by the existence of health assets that have 

traditionally received less attention in these countries. 
These assets, such as greater family network density and 
less inequality of access to healthy food, can be critical 
elements in political action.

Given the data used in this paper (Spanish Social Secu-
rity data have limited socioeconomic information), pro-
viding a coherent explanation of why LE inequalities are 
small is no easy task. Along with other behavioral and 
structural factors [73], a combination of factors such as 
the design of the pension system, the universality and 
good quality of the health system, and high levels of fam-
ily support could explain why LE inequalities for retired 
Spanish men are relatively small.

The Spanish pension system plays an important role in 
maintaining quality of life, especially in the fight against 
poverty for older persons [74, 75]. Spain has one of the 
highest aggregate replacement ratios in Europe. Span-
ish pensioners largely maintained their relative standard 
of living during the recent economic crisis (2008–2014). 
The percentage of people in Spain aged 65 and over 
whose income is lower than 50% of median equalized 
household disposable income is lower (9.4) than the fig-
ure for the total population (15.5). This rate is also 4.1 
percentage points below the average for OECD countries 
(13.5%) in 2016 [76].

The contributory retirement system has been shift-
ing from an insurance-based system to an increasingly 
redistributive system; the minimum retirement benefit 
for a single pensioner at age 65 increased by 15.24% in 
real terms from 2000 to 2018 and the maximum benefit 
decreased by 5.86% in real terms. The ratio between max-
imum and minimum pensions has greatly decreased over 
time, from 5.07 (2000) to 4.14 (2018). Around 91% of 
people aged 65 and over live in owner-occupied homes, 
and only 1.8% were found to be living in overcrowded 
households [74].

In the study of multidimensional comparison of coun-
tries’ adaptation to societal aging [77], Spain is the 
highest ranked in security, a major component of the 
multidimensional Aging Society Index that assesses 
the status of older populations. The component income 
includes five items: income, pension wealth, public 
expenditure on long-term care, government debt, and 
physical safety.

The Spanish health system is based on the principles 
of universality, free access, equity, and fairness of financ-
ing, and is mainly funded by taxes. Spain has the most 
efficient healthcare system in Europe. In the Healthcare 
Access and Quality Index, Spain is ranked 19th of 195 
countries for healthcare and access [78].

Even though healthcare is universally guaranteed and 
free at point of use, inequalities in access to adequate 
healthcare still exist, especially in rural areas. As reported 
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for Italy by Federico et al. [79], in Spain family continues 
to be the main source of support and help in old age; fam-
ily support and informal social safety nets, especially in 
the many low and medium income families in the coun-
try, may have mitigated reported inequalities in access to 
(universal and state-organized) healthcare services.

In Spain, it is common for older people to live in their 
own homes until they are left alone by the death of their 
partner, fall ill and/or suffer disability and then for them 
to reside with a family member, usually a daughter [80]. 
Family life is characterized by a high frequency of per-
sonal contact between generations. The intensity of 
family contacts provides a basis for the flow of mutual 
support between members of the family network.

A more recent study [81], based on the Spanish sample 
of the Survey of Health, Aging and Retirement in Europe 
(waves 2006 and 2013), concludes that families in Spain 
remain highly involved in elderly care.

As stated in the previous section, the gap in LE wid-
ens over time, from 1.49 to 2.54 years and from 0.71 to 
1.40 years respectively for pensioners aged 65 and 75, and 
these differences are statistically significant. Perhaps one 
reason for the increase in inequality in LE observed in 
this paper can be found in the lack of investment in the 
public health system. Over the period 2008–2013, annual 
per-capita spending on health (in real terms) decreased 
by − 1.9%, better than only Greece, Portugal and Iceland 
of the OECD36 countries [82]. Growth during the period 
2013–2018 was positive at 2.3%, very close to the average 
for the period for all the 36 countries of the OECD stud-
ied (2.4%).

Similarly, the macroeconomic figures for total spending 
on health fell from 9.4% of GDP in 2009 to 9.1% in 2018, 
but the variation in the proportions of public and private 
spending was very different [82]. This could partly explain 
the increase in inequality, since the SE groups with bigger 
pensions would presumably benefit most from these pri-
vate health services. Public spending on health fell from 
7.1% of GDP in 2009 to 6.4% in 2018, while spending on 
the private health sector rose from 2.3 to 2.7% over the 
same period.

Another possible explanation for the growth of ine-
qualities in  LE65 could be the fact that there has been a 
shift in inequalities from younger to older ages in Spain 
[41]. This is considered a survival effect [36]. What is cer-
tain is that, as pointed out by Mackenbach [83], health 
inequalities are influenced in sometimes unexpected 
ways by factors that are beyond our control.

In order to establish the reasons behind this increased 
inequality in LE, more research needs to be carried out 
[84]. An analysis of all Spanish social security records 
instead of just a sample could shed some light on the 
matter.

Limitations
To conclude this section, some limitations to the study 
should be taken into account.

First, we are aware that pension income is not a perfect 
indicator of a beneficiary’s total income [58]; other forms 
of income could arise from partial employment after 
retirement, return on investments and savings, govern-
ment and private transfers, etc. … However, it is worth 
noting that 70% of retirement pensioners in Spain have 
only their public pension as a source of income. There-
fore only 30% of retirement beneficiaries have additional 
income from private pensions and savings, insurance 
plans, financial products and rentals [85]. It could be said 
that for pensioners with lower benefits, the amount of 
the retirement pension is a good indicator of their total 
income, although for pensioners with higher benefits, 
this amount may not be such a good proxy of their total 
income.

Second, we excluded groups of pensioners for whom 
the application of our SE indicator might not have been 
suitable for various reasons (disabled pensioners, early 
retirees, beneficiaries in special schemes such as the 
self-employed).

Third, due to the fact that they are not included in the 
database used, we were unable to work with the collective 
of pensioners belonging to the Régimen de Clases Pasivas 
(civil servants).

Fourth, the sample selection we used does not allow us 
to draw conclusions about the whole population, and not 
even about all retirement pensioners, but it does work 
for a large part of this collective, since those that retired 
from the general regime in 2018 represent 73.88% of the 
total number of retirement pensioners [86].

Finally, despite the fact that the results we have 
obtained are coherent, the analysis could be carried out 
in much greater depth if we had access to all the records 
held by the Department of Social Security, along with 
details of any additional sources of income the pension-
ers may have.

Conclusions and future research
We have found an inverse relationship between PI lev-
els and mortality for a selected group of male retire-
ment pensioners (first research question). Given that we 
selected a representative sample from the total popula-
tion of male retirement pensioners [47, 48], it can be said 
that the weight within the Spanish public pension system 
of the beneficiaries analyzed in this study is by no means 
negligible: the amount of pension expenditure for this 
group represented 81.27% of the total expenditure on 
retirement pensions for men in 2018.

We have also found highly significant evidence of a 
positive relationship between  LE65 and pension income 
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(second research question), and that the trends for the 
entire period analyzed show that the gap in LE as meas-
ured by PI levels has widened over time (third research 
question).

We have also shown that, if the information provided 
by the relative mortality ratio is not properly under-
stood, then it could mask real differences in LE for a 
given PI group. A second indicator therefore needs to 
be introduced to give a broad picture of the true extent 
of inequality in mortality.

Our findings show that inequalities in mortality for 
retirement pensioners are small but slightly higher 
than previously reported for Spain [42]. The differ-
ences can be mainly explained by the exclusion of 
SEP retirement pensioners, by improvements made to 
the procedure for obtaining life expectancies within 
groups, and by some additional adjustments made in 
the dataset used. This is in line with previous findings 
for Spain involving older adults and using very differ-
ent methodologies and/or databases [37–41].

The increased inequality in LE does not appear to 
stem from the pension system reforms carried out 
over the period 2011–2013, given that the Span-
ish system has become more redistributive, and 
the amount of the minimum pensions has clearly 
increased in real terms over recent years. The causes 
might be found either in the decreased spending on 
public health during the period 2009–2018 and the 
increased spending on private health, which would 
presumably be of greater benefit to those pension-
ers with higher incomes, or in the fact that there has 
been a shift in inequalities from younger to older 
ages in Spain. To establish the reasons behind this 
increased inequality in LE, more research needs to be 
carried out. An analysis of all Spanish social security 
records instead of just a sample could shed some light 
on the matter.

As regards the (informal) government proposal to 
take into account longevity by income (average earn-
ings) status to calculate the initial retirement pen-
sion [43], this does not seem to be a very good idea 
for several reasons (fourth research question): (i) the 
pension system has been shifting from an insurance-
based system to an increasingly redistributive scheme, 
(ii) unlike the case of the USA [25, 44], SE differences 
in mortality are much smaller in Spain, and (iii) given 
that the system does not distinguish by gender when 
determining the initial amount, we would need to 
know whether the differences found for retired men by 
pension income level also occur for women.

Finally, based on the data used and the methodology 
applied in this paper, one direction for future research 
would be to check the robustness of our findings. 

Would they be the same if, instead of a small sample 
of pensioners, we had access to all the records held by 
the Department of Social Security along with details of 
any additional sources of income the pensioners may 
have?

Appendix
Technical Appendix
For all beneficiary groups classified by PI level m, the 
crude mortality rate for a given period-year interval, 
P = {a, a + 1, ⋯, n}, age x, and sex j, is defined as the 
observed probability that a person of age x nearest 
birthday will die between ages x and  x + 1 during the 
period-year interval P. n represents 31st December for 
the last calendar year within the period and a repre-
sents 31st December for the first year.

The observed probability of death is calculated by 
simply dividing the relevant number of deaths ( Dj,m

x,P ) by 
the number of life-years of exposure over the given year 
or period ( Ej,m

x,P).
The size of the exposure population is estimated by 

averaging the population sizes at the beginning and end 
of the year. In our case, the crude mortality rate q̂j,mx,P is 
calculated as follows:

where Dj,m
x,t  is the observed number of deaths of 

individuals who have attained age x on their near-
est birthday for PI level group m, gender j in calendar 
year t ∈ {a + 1, ⋯, n}, and Lj,mx,t  , with t ∈ {a, …. n}, is the 
observed number of retirement pensioners aged x at 
their nearest birthday in PI level group m and gender j, 
at the end of year t ∈ P.

The average crude death rate q̂j,mh,P for age group h, 
PI level m, gender j for period-year interval P can be 
expressed as:

where Dj,m
h,t  is the observed number of deaths for age 

group P, PI level m, gender j in calendar year t, and Lj,mh,t  
is the registered number of retirement pensioners in 
age group h, PI level m, gender j, at the end of year t ∈ P.

It is straightforward to see that the average crude 
death rate can also be calculated as a weighted average 
of the crude death rates for the beneficiaries with ages 
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included in age group h, with the weighting being the 
number of pensioners-years exposed to risk of death:

where Ej,m

h,P
 is the number of pensioners exposed to risk 

included in age group h, PI level m, gender j, for the 
period-year interval P.

Similarly, if all PI levels are considered the average 
crude death rate q̂j,Th,P for the pensioners in age group h, 
sex j for the period-year interval P can be expressed as:

where Ej,T
h,P is the number of beneficiaries exposed to 

risk included in age group h, at any PI level m, gender j, 
for the period-year interval P.

Given that the levels of exposure are not sufficiently 
high for some age groups; the initial estimates must be 
revised to produce smoother estimates (graduated mor-
tality rates) using a procedure called graduation. In our 
case the average crude death rates are graduated through 
the age, PI level, and period dimensions to reflect a com-
promise between smoothness and fit.

Finally, testing whether there is a significant positive 
difference in LE LEm

x,P between two pensioner income 
groups for a given age and period, one with a higher PI 
than the other, can be implemented using one-tailed sta-
tistical tests based on normal distribution [65–67]. Under 
the null hypothesis, this difference will be zero and under 
the alternative it will be positive.

The z score statistic is defined as the ratio of DLEmi−mj

x,P
,

the difference in LE between the groups, to the stand-
ard error of that difference, SDLEmi−mj

x,P
 which is computed as 

the square root of the sum of the variances of the corre-
sponding LEm

x,Pfor each group, VLEmi

x,P
and VLEmj

x,P
 (respectively)

Following Chiang [65] the variance of the correspond-
ing LE at age x for a given group m and period P can be 
calculated as,

where kpmx,P is the probability of surviving from age 
x to age x + k, qmx+k ,P is the probability that an individual 

(4)q̂
j,m
h,P =

∀x∈h q̂
j,m
x,P • E

j,m
x,P

∀x∈h E
j,m
x,P

=
∀x∈h q̂

j,m
x,P • E

j,m
x,P

E
j,m
h,P

(5)q̂
j,T
h,P =

∑s
m=1 q̂

j,m
h,P • E

j,m
h,P

∑s
m=1 E

j,m
h,P

=

∑s
m=1 q̂

j,m
h,P • E

j,m
h,P

E
j,T
h,P

(6)z
mi−mj

x,P =
DLE

mi−mj

x,P

SDLE
mi−mj

x,P

=
DLE

mi−mj

x,P
√

VLE
mi
x,P + VLE

mj

x,P

(7)VLEm
x,P

=

w−1−x
�

k=0

⎡

⎢

⎢

⎢

⎣

�

k p
m
x,P

�2

∙

�

LEm
x+k+1,P

�2

∙

�

qm
x+k ,P

�2

∙

�

1 − qm
x+k ,P

�

Dm
x+k ,P

⎤

⎥

⎥

⎥

⎦

aged x + k will die within the year, LEm
x+k+1,P

 is LE at age 
x + k, and Dm

x+k ,P is the number of deaths at age x + k. 
These elements refer to period P and PI group m.

We reject the null hypothesis if the sample value of 
the statistic zmi−mj

x,P  is greater than the critical value at a 
given level of significance α in the normal distribution. 
If that is the case, there is statistically significant evi-
dence that LEm

x,P is greater for the higher PI group than 
for the other.

It is worth indicating that 95% confidence intervals 
(CIs) of LEmx,P are determined by:
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