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1.-Introduction 

A significant inverse relationship in mortality risk across socioeconomic groups is 
almost always found among older individuals. The reviewed literature, which covers the UK 
(LSP, 2018 and 2020), the USA (Waldron, 2007; USA Bosley et al., 2018), Italy (Belloni et al., 
2013; Lallo and Raitano, 2018), Canada (Wen et al., 2020), Germany (Kibele et al., 2013; 
Wenau et al., 2019; Tetzlaff et al., 2020), and the Netherlands (Kalwij et al., 2013), generally 
indicates that mortality gaps by socioeconomic status have not been constant over time and 
that inequalities in life expectancy as measured by socioeconomic status have increased in 
recent years. We are especially interested in differences in life expectancy between self-
employed workers and paid employees now in receipt of retirement pension (henceforth 
referred to as self-employed (SE) and paid employee (PE) pensioners).  

Various studies on these differences have been published. According to Toivanen et al. 
(2016), differences in mortality between SE and PE individuals vary across industries and by 
gender depending on the type of self-employment. In Sweden they find that mortality is 
generally lower among those the SE who run limited liability companies than among PE. 

Differences in life expectancy have been investigated less widely among pensioner groups 
than among active worker groups. The literature reviewed in this analysis shows mixed 
evidence. For some countries, such as Italy, Finland and Japan, SE pensioners have a lower 
life expectancy than other groups, especially civil servants and higher grade (and lower grade) 
non-manual workers. In Germany, however, SE pensioners have a higher life expectancy 
when work status is used as an indicator of socioeconomic position. 

For Italy, the report by the Pensioners and Annuitants Working Group (2012) states that SE 
pensioners have a life expectancy that is higher than for the general population but lower 
than for other pensioner groups such as civil servants and private sector employees. This 
difference in life expectancy compared to the general population was still positive in 2009 
and less than 1 year.  

Polvinen et al. (2015), working on the case of Finland, find socioeconomic differences in 
cause-specific mortality after disability retirement due to different diseases. Among non-
disability retirees, those in lower social classes clearly had the highest mortality rates. For 
both disability and non-disability retirees, the mortality rates for the self-employed were 
similar to those of manual workers. For non-disability retirees, SE beneficiaries had a lower 
life expectancy than higher- and lower-grade non-manual workers. 

Luy et al. (2015) provide estimates of differences in life expectancy by education, household 
income, work status and vocational class in Germany. Of the main work-status groups and 
for men, manual workers exhibited the lowest life expectancy (LE40=32.4, LE65=13.2), 
followed by public servants (LE40=35.6, LE65=14.8), employed workers (LE40=36.1, 
LE65=15.2) and self-employed workers (LE40=36.6, LE65=15.3). Compared to manual 
workers, the extra life expectancy for public servants, employed workers and self-employed 
workers was therefore 3.2, 3.7 and 4.2 years at age 40 and 1.6, 2.0 and 2.1 years at age 65 
respectively. 

For the case of Japan, Tanaka et al. (2018) find that SE men showed higher crude mortality 
rates and a significantly higher multiple-adjusted hazard ratio than white-collar employees 
among both working and retired men. They also point out that the higher hazard of death 
among SE men was not significant among retired men. 

Our paper deals with the case of Spain, given that as yet there is very little research on that 
country. The aim of the paper is to investigate the differences in life expectancy between SE 
and PE retirement pensioners by focusing especially on pension income levels, using 
administrative data from Spanish social security records. This is the first investigation to 
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provide evidence on inequalities in life expectancy by pension income level and regime in 
Spain. We draw on the Continuous Sample of Working Lives to quantify changes in total life 
expectancy for retired men at ages 65 (LE65) and 75 (LE75) over the longest possible period 
covered by this data source: 2005–2018. These changes are broken down by pension regime 
and pension-income level for three periods. We use the level of initial pension income as our 
single indicator of the socioeconomic status of the retired population. 

The social gradient of mortality is quantified by estimating changes in total life expectancy 
by pension income level at ages 65 (LE65) and 75 (LE75) over time. As a supplementary 
method, a comparison with the life expectancy of the Spanish population is also provided. 
Our approach enables us to accurately answer four basic research questions: Are there any 
differences in life expectancy between the SE and PE groups of retirement pensioners? Are 
there any differences between pension income groups? If so, are they statistically significant? 
Are there any differences in the trends in life expectancy between pension income groups 
and/or pension regime groups that lead to an increase or decrease in inequalities over time? 

Contrary to what has been observed in countries such as Italy, Finland and Japan, in Spain 
LE65 is slightly higher for SE than for PE retirement pensioners. For 2005-2010, a life 
expectancy gap of 0.23 years between SE and PE retirement pensioners is reported. This gap 
widens to 0.55 years for 2014–2018. A similar trend can be observed when the pension 
income group is considered. For 2005-2010, the gap in LE65 between pensioners in the lowest 
and highest income groups is 1.20 years. This gap widens over time and reaches 1.51 years 
for 2014–2018. And although these inequalities appear relatively small, they are statistically 
significant. 

The rest of the paper is structured as follows: Section 2 describes the population studied and 
the methodology used to analyse life expectancy among male pensioners in Spain. Section 3 
presents the main results. Section 4 discusses some issues arising from the results. The paper 
ends with our concluding comments and an appendix, which describes the alternative 
approach used to build life expectancy confidence intervals and the associated results tables 
replicating those shown in Section 3. 

2.-Data and Methodology  

As already mentioned, we use a large administrative data set. The Continuous Sample of 
Working Lives (CSWL)1 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 that form the basis 
of this sample taken from Spanish social security records and comprises anonymized 
microdata with detailed information on individuals. It provides a unique data set with very 
rich information about employment histories and personal characteristics (Pérez-Salamero et 
al., 2017).  

It should be stressed that ethics approval is not required to use this data set, since its use for 
scientific purposes has been regulated since its creation. Researchers can request versions of 
the CSWL by post, although a separate request has to be made for each version. Requests 
consist of a user profile describing the project being carried out and a document accepting 
the CSWL’s conditions of use2. 

The first wave of the CSWL covers people who had a financial link with the social security 
system in 2004 and provides the entire working histories (employment, unemployment and 

 
1 Also referred to by several authors as the Continuous Working Life Sample (CWLS) or the Continuous Survey 
of Working Lives (CSWL). 
2 These are available at the following address:  
http://www.seg-social.es/wps/portal/wss/internet/EstadisticasPresupuestosEstudios/Estadisticas/EST211 

http://www.seg-social.es/wps/portal/wss/internet/EstadisticasPresupuestosEstudios/Estadisticas/EST211
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retirement) of the sample population. It is updated every year by using selected variables to 
gather information from the social security system dating back to when computerized 
records began, and also from other administrative data sources that record additional 
information on individuals. As well as the details given by the institutions responsible for 
generating the CSWL, the data available to researchers runs from 2004 to 2018.  

The sample reference population is defined as individuals who have had some connection 
(through contributions, pensions or unemployment benefits) to the social security system at 
any time during the year of reference. Individuals are selected from the reference population 
each year according to whether their identification codes contain certain randomly-generated 
figures in the correct positions. Each year the individuals who figured in the previous version 
of the CSWL and continue to have a relationship with social security remain in the selection, 
and further individuals are incorporated if they meet the requirement of having the right 
identification codes for inclusion. The detailed information available on the individuals 
selected includes work trajectories from 1967 and contribution bases from 1980 and/or 
pensions from 1996, as long as they figure in social security administrative records. Those 
individuals who for some reason have no connection with social security in a particular year 
do not appear in the CSWL. When individuals are added to the sample as replacements, 
retrospective information on them is also available. Individuals lost in a certain year will enter 
the sample again if they become administratively active in subsequent years. Public employees 
are not included in these data. 

 

Figure 1: Flow chart of participants/records excluded from the present study, CSWL, 2005–2018 

As can be seen in Figure 1, a considerable amount of time and effort went into preparing the 
administrative data for the analysis reported here. In our study the first wave (2004) has been 
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excluded because it is not possible to determine the actuarial age of the beneficiaries and the 
codes for type of benefit were not properly recorded. 

2.1.-Variables and population studied 

The following variables are available from 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 benefit, years contributed under each pension regime, benefit type (old age pension, early 
retirement, disability insurance, survivor benefits and other) and gender. 

As shown below, the design of the Spanish pension system means that retirement benefits 
in the PE regime (general regime) are closely related to lifetime earnings. Benefits for 
retirement pensioners in the SE regime, on the other hand, cannot be related to lifetime 
earnings with any precision. 

Table 1 shows the exposures in person-years and number of deaths by time period (absolute 
values and percentages) for “hypothetical pensioner income levels” and periods analysed. To 
analyse the data we group the records into four pension income levels (𝐵𝐵𝑚𝑚): “1-Low”; “2-
Medium-Low”, “3-Medium-High” and “4-High”. We ruled out using benefit level quartiles 
because, given the features of the sample, some individuals could change quartile due to the 
number of new entrants in each wave.  

We assign pensioners to each group according to the minimum (Min) and maximum (Max) 
benefits in force at the time of their retirement: Low:𝐵𝐵1 ≤Min; Medium-Low: Min < 𝐵𝐵2 ≤
(0.5Max+0.33Min); Medium-High: (0.5Max+0.33Min)< 𝐵𝐵3 ≤ 0.75Max; and High: 𝐵𝐵4 > 
0.75Max. Based on the benefit levels in force, the ranges vary over the years reported, e.g. 
between €36,121.82 (Max) and €8,727.60 (Min) per year in 2018. For the 2018 calendar year, 
the pension income level annual breakpoints for the four intervals are €8,727.60, €20,679.19 
and €27,091.37. 

Table 1: Hypothetical pensioner income levels: exposures in person-years and number of 
deaths by period (absolute values and percentages) 

Periods/Items/groups Low Med-Low Med-High High Total 

20
05

-2
01

0 Exposures  40,604 115,873 27,025 28,911 212,412 
% Exposures 19.12 54.55 12.72 13.61 100 
Deaths 2,449 4,891 957 793 9,090 
% Deaths 26.94 53.81 10.53 8.72 100 

20
10

-2
01

4 Exposures 37,239 135,833 25,022 38,101 236,194 

% Exposures 15.77 57.51 10.59 16.13 100 

Deaths 2,160 5,788 930 894 9,772 
% Deaths 22.10 59.23 9.52 9.15 100 

20
14

-2
01

8 Exposures 38,717 149,875 27,515 51,177 267,284 
% Exposures 14.49 56.07 10.29 19.15 100 
Deaths 2,025 6,596 1,083 1,170 10,874 
% Deaths 18.62 60.66 9.96 10.76 100 

Source: Own work 

If the initial amount of retirement benefit determined in accordance with the rules in force 
falls below the legislated minimum amount, then a complement is added to it. However, 
there are certain limitations governing receipt of that complement depending on overall 
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earnings levels. Consequently, the benefit could be lower than the “official” minimum benefit 
in operation. 

In order to receive retirement benefit, individuals have to pay into the system for at least 15 
years in total, including at least two years’ contributions in the last 15 years. The resulting 
initial monthly pension distributed over 14 payments per year is the product of two main 
factors: the total replacement rate stipulated and the regulatory base calculated. The total 
replacement rate is the product of two rates: the replacement rate according to retirement 
age and years contributed, and the replacement rate according to the number of years 
contributed. The regulatory base is calculated using the last “n” years of contributions before 
retirement and the amounts are indexed, only before month 24, using the Spanish retail price 
index (RPI). The value of “n” depends on the calendar year in which the worker reaches 
retirement. For 2013 and before it was 15 years, but the period for calculating the regulatory 
base is currently being extended from 15 to 25 years over a transitional period of 10 years by 
increasing it by one year per annum from 2013 to 2022. 

In practice, a retirement pensioner can receive a benefit that is higher (up to 26% more) than 
the “official” maximum benefit due to the maternity supplement and/or additional amounts 
for delaying retirement beyond the statutory age. The maximum pension cannot exceed the 
ceiling stipulated for the contribution base. In 2018 this was €45,664. 

Traditionally, pensions in payment were indexed using the RPI until 2013, but a new index 
for updating pensions in payment was introduced in 2014: the new revaluation of pensions 
index (IRP in Spanish). This was based on the financial balance of pensions and social reform 
to ensure the system’s financial sustainability. The new index was suspended in 2018. 
Pensions in payment were increased by 1.6% in both 2018 and 2019 in line with the RPI, 
whereas they would have only increased by 0.25% had the IRP formula been applied3.  

The contributory system in Spain is structured into different “regimes” or schemes, each of 
which covers a group of workers of a particular type. The general system4 is the basic core 
and includes all employees over 16 not included in another “special system.” In general terms 
it covers all paid employees (PE). We also include retirement pensioners who belong to the 
special system for the self-employed (SE), although the pension rules could make their 
benefits a poor proxy for lifetime income (Figure 1, box 11). The contribution base in this 
scheme for the SE is chosen annually by the worker, an amount somewhere between the 
minimum and maximum bases in force each year. 

In our study the initial population comprises (true) retirement pensioners whose retirement 
age was 65 (the ordinary retirement age5) or over and who were in the general or SE schemes. 
Figure 1 in the introduction to this section shows a flow chart of the participants/records 
excluded from the present study. 

Due to the different rules for both collectives of retirement pensioners, it would be a good 
idea to detail the exposures and deaths for both by pension income level: Table 2 for SE 
retirement beneficiaries and Table 3 for PE retirees.  

As Table 2 shows, the data for the medium-high and high pension income groups include 
very few individuals. There are low exposures and zero deaths at many ages, so the estimate 

 
3 The sustainability factor, which was supposed to apply from January 2019 to adjust initial pensions on the 
basis of changes in life expectancy, was also suspended until 2023. A commission will determine how to proceed 
with both the sustainability factor beyond 2023 and the new indexation mechanism. 
4 The general system accounts for 73% of pensions and 78% of contributors (March 2020). 
5 Until 31 December 2012 the statutory retirement age was 65. From 2027 onwards there will be two standard 
retirement ages: 65 with 38.5 years' contributions and 67 with 37 years' contributions. The shift from 65 to 67 
is being made gradually between 2013 and 2027. 
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of life expectancy is highly unreliable, and for this reason both these pension income groups 
have been ruled out. The exclusions, only for the analysis of the pension income groups, 
represent 2.53%, 2.58% and 3.24% of exposures for periods 1, 2 and 3 respectively. 

Table 2: Hypothetical pensioner income levels: exposures in person-years and number of 
deaths for SE beneficiaries 

Periods/Items/groups Low Med-Low Med-High High Total 

20
05

-2
01

0 Exposures  18,459 45,379 895 763 65,495 
% Exposures 28.18 69.29 1.37 1.16 100 
Deaths 1,317 1,523 20 13 2,873 
% Deaths 45.84 53.01 0.70 0.45 100 

20
10

-2
01

4 Exposures 17,123 61,348 1,096 980 80,546 

% Exposures 21.26 76.16 1.36 1.22 100 

Deaths 1,190 2,256 30 20 3,496 
% Deaths 34.04 64.53 0.86 0.57 100 

20
14

-2
01

8 Exposures 17,156 66,515 1,543 1,262 86,474 
% Exposures 19.84 76.92 1.78 1.46 100 
Deaths 1,017 2,598 45 33 3,693 
% Deaths 27.54 70.35 1.22 0.89 100 

Source: Own work 

Table 3 contains a high enough number of exposures and deaths for all pension income 
groups. 

Table 3: Hypothetical pensioner income levels: exposures in person-years and number of 
deaths for PE beneficiaries 

Periods/Items/groups Low Med-Low Med-High High Total 

20
05

-2
01

0 Exposures  22,146 70,494 26,130 28,148 146,917 
% Exposures 15.07 47.98 17.79 19.16 100 
Deaths 1,132 3,368 937 780 6,217 
% Deaths 18.21 54.17 15.07 12.55 100 

20
10

-2
01

4 Exposures 20,116 74,485 23,927 37,121 155,648 
% Exposures 12.92 47.85 15.37 23.85 100 

Deaths 970 3,532 900 874 6,276 
% Deaths 15.46 56.28 14.34 13.93 100 

20
14

-2
01

8 Exposures 21,562 83,361 25,973 49,915 180,810 
% Exposures 11.92 46.10 14.36 27.61 100 
Deaths 1,008 3,998 1,038 1,137 7,181 
% Deaths 14.04 55.67 14.45 15.83 100 

Source: Own work 

As can be seen from Tables 2 and 3, the total number of pensioners has significantly 
increased in both groups. The total number of SE beneficiaries increased by 32% over ten 
years and total PE beneficiaries increased by 23%. The main differences are concentrated in 
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the high and medium-high groups. These differences show how the number of elderly people 
has increased over time in Spain. 

Because of lower labour force participation rates among female cohorts and the fact that 
women’s careers tend to be shorter (in terms of years of employment) and they often work 
less intensively than men, mainly due to their family role and commitments, the pension 
income level is not a suitable indicator for women’s working-life income. Therefore, the 
focus of our analysis in this research is the social gradient in male mortality (Figure 1, box 3).  

It is a stylized fact that mortality among disabled people is far higher than among the general 
population, so combining the two populations (true retirement pensioners and disabled 
beneficiaries) could result in seriously misleading implications when it comes to accurately 
determining the social gradient in mortality. Beneficiaries with pension reclassification6 are 
therefore also excluded (Figure 1, box 4). 

Early retirement is possible four years before the legal retirement age in cases of involuntary 
unemployment with 33 years’ contributions, and two years before in cases of voluntary 
unemployment with 35 years’ contributions. The actuarial reduction on pension benefits for 
early retirement ranges from 2% to 1.5% per quarter depending on the number of years 
contributed. Given that poor health is an important reason for early retirement and is also a 
well-established risk factor for mortality (Wu et al., 2016), pensioners who access benefits 
before the statutory retirement age are also excluded (Figure 1, box 8).   

2.2.-Methodology 

We decided to study the social gradient in mortality by estimating changes in total life 
expectancy by pension income level and pension regime at age 65 over time. We use the 
Mort1Dsmooth function in the MortalitySmooth R package7 – which is specifically designed 
for mortality research – to construct complete period life tables from age 65 to age 101 and 
to calculate life expectancy at ages 65 (LE65) and 75 (LE75) for three different periods: 
P1: 2005-2010, P2: 2010-2014 and P3: 2014-2018. The first period covers five years, whereas 
the second and third both cover four years. The actual number of deaths and the risk 
exposure used to calculate the crude annual death rate come from the CSWL (Tables 1 to 3). 
Data above age 101 are unreliable because there are small exposures and the reporting of 
deaths is questionable for very old ages. 

Mort1Dsmooth smooths one-dimensional Poisson counts (deaths) with P-splines. It returns 
various settings and measures8. Once graduated death rates are obtained, it is easy to 
construct complete period life tables from age 65 to age 101 and calculate life expectancy at 
various ages. Life expectancy, LEx , is an estimate of the average number of additional years 
that a cohort of a given age, x, can expect to live. This measure of remaining life is the ratio 
between the total number of person-years lived by the cohort from age x until all members 
of the cohort have died (Tx ) and the number of persons alive at age x (lx ). For complete 
LEx  half a year is added. 

 
6 In many countries when a disability-pension beneficiary reaches statutory retirement age, their disability 
benefits are classified as retirement benefits. This is known as “pension reclassification”. 
7 We also used an R Package for Mortality Rates Graduation by Discrete Beta Kernel Techniques (Mazza and 
Punzo, 2015). The results are very similar. Their package uses univariate and bivariate adaptive discrete beta 
kernel estimators. The number of deaths follows a binomial distribution. 
8 Full details in Camarda (2012). 
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According to Li (2015), one important purpose of measuring mortality is to detect differences 
between populations. To that end, deterministic life tables could specify whether a life-table 
variable for one population is bigger than the same variable for another, while a probabilistic 
life table can further test whether such differences are statistically significant or appear merely 
by random chance. 

Following Chiang (1984), an observed LEx  is a sample mean of  future lifetime. Therefore, 
statistical tests based on normal distribution can be used to draw inferences by comparing 
LE between two groups for a given age and period (LEx,P

m ). Here we are interested in testing 
whether there is a significant positive difference in LEx,P

m  between two pensioner income 
groups (two pensioner income regimes or periods), one with a higher PI than the other.  

Under the null hypotheses this difference will be zero and under the alternative it will be 
positive, so it is a one-tailed test. The statistic to be used, the 𝑧𝑧 score, is the ratio of  the 
difference in LE between the groups (DLEx,P 

mi−mj) to the standard error of  that difference 

Se(DLEx,P
mi−mj), which is computed as the square root of  the sum of  the variances of  the 

corresponding LEx  for each group, VLEx,P
mi

P

 and VLEx,P
mj

P

 respectively. 

zx,P
mi−mj =

DLEx,P
mi−mj

Se(DLEx,P
mi−mj)

=
DLEx,P

mi−mj

�VLEx,P
mi + VLEx,P

mj
 (1) 

By analogy with the development made by Chiang (1984), the standard error for life 
expectancy at age x, Se(LEx,P 

m ), can be calculated as follows9: 

Se(LEx,P
m ) = � � �( px,P

m
k )2 ∙ (LEx+k+1,P

m )2 ∙
(qx+k,P

m )2 ∙ (1 − qx+k,P
m )

Dx+k,P
m �

w−1−x

k=0

 (2) 

where px,P
m

k  is the is the probability of surviving from age 𝑥𝑥 to age x+k, qx+k,P
m  is the 

probability that an individual aged x + k will die within the year, LEx+k+1,P
m  is life expectancy 

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

P and PI group m. 

At a given level of  significance α, the null hypothesis is rejected if  the sample value of  the 
statistic zx,P

mi−mj  is greater than the critical value in the normal distribution corresponding to 
that level of  significance (2.33 at 1%, 1.64 at 5%, and 1.28 at 10%). If  that is the case, there 
is statistically significant evidence that LEx,P

m  is greater for the higher PI group than for the 
other. 

Finally, it is worth indicating that 95% confidence intervals (CIs) of  LEx,P
m  are determined 

by: 

95%CI(LEx,P
m ) = LEx,P

m ± 1.96 ∙ Se(LEx,P
m ) (3) 

 
9 According to Scherbov and Ediev (2011), Chiang’s method can be used without significant problems with 
population sizes from about 10,000 upwards. 
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3.-Results 

Results are going to be mainly shown by means of several figures and tables. 

Figure 2, which contains two graphs, shows 95% confidence intervals (CIs) LE65 (Graph 1) 
and LE75 (Graph 2) for both groups of pensioners (self-employed (SE) and paid employees 
(PE)) and total and all three periods analyzed. Contrary to what has been observed in some 
countries such as Italy and Japan, LE65 is slightly higher for SE than for PE retirement 
pensioners. For 2005-2010, a gap in life expectancy of 0.23 years between SE and PE 
retirement pensioners is reported. This deviation reaches 0.55 years in 2014–2018. For LE75  

(Graph 2) absolute differences are fairly stable (at around 0.14 years).  

  

Figure 2: LE65 and LE75. 95% Confidence intervals  

But, are these (small) LE differences between SE and PE male retirement pensioners 
statistically significant or not? Table 4 informs about this issue. 

For all three periods analyzed, this table shows the differences in LE65 and LE75 (DLE65 and 
DLE75, respectively) between pension regime groups of pensioners, together with the 
standard error for those differences. The z-score value of the test statistic is used to test the 
null hypothesis that the difference in life expectancy is zero against the alternative of it being 
positive. The results show that for DLE65 are statistically significant at 1% for periods 2 and 
3 and significant at 10% for the first period. For DLE75 are not significant for the first period 
and significant at 1% for periods 2 and 3. The reason of the lack of statistical significance for 
DLE75 in P1 can be seen intuitively in Graph 2; the upper bound of 95% CI for the PE 
pensioners group is higher (12.24 years) than the lower bound of 95% CI for SE group of 
pensioners (11.95 years). 

Table 4: Absolute differences in life expectancy between pension regime groups  

Items Dif. between SE and PE 
P1 P2 P3 

DLE65 0.232 0.539 0.546 
Se(DLE65) 0.164 0.156 0.151 

z score 1.41* 3.45*** 3.61*** 
DLE75 0.098 0.427 0.337 

Se(DLE75) 0.142 0.136 0.132 
z score 0.69 3.15*** 2.54*** 

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

Source: Own work 

And what about with the statistical significance of absolute differences in LE within pension 
regime groups by periods? Table 5 shows that for PE beneficiaries differences in life 
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expectancy are statistically significant at 1% for both periods (P2-P1; P3-P2) and ages (65 and 
75). The same can be said for the whole group of pensioners (PE+SE). 

Table 5: Absolute differences in life expectancy within pension regime groups by periods 

Items PE SE PE+SE 
P2-P1 P3-P2 P2-P1 P3-P2 P2-P1 P3-P2 

DLE65 0.346 0.297 0.653 0.304 0.463 0.278 
Se(DLE65) 0.129 0.125 0.186 0.178 0.106 0.102 
z score 2.69*** 2.38*** 3.50*** 1.71** 4.38*** 2.72*** 
DLE75 0.291 0.338 0.619 0.248 0.425 0.278 
Se(DLE75) 0.112 0.111 0.161 0.153 0.092 0.090 
z score 2.59*** 3.03*** 3.84*** 1.62* 4.60*** 3.08*** 

Source: Own work 

Figure 3 shows complete life expectancy at ages 65, LE65; 75, LE75, and measured by PI level 
and their improvement along the periods analyzed. This figure is broken down into 4 graphs. 

  

  

Figure 3: LE65 and LE75 and improvement in it measured by PI level (PE+SE) 

Graph 1 in Figure 3 shows that LE65 has a positive link with PI level. The higher the PI level, 
the higher the life expectancy at age 65. Graph 2 shows that across all SEC groups (total), 
LE65 increases by 0.46 years between the first and second periods and by 0.28 years between 
the second and third. For the same periods and age group, the longevity of the general 
population increased by 0.81 and 0.30 years respectively. As can be seen in Graph 2, LE65 
improvements by SEC status have not been constant over time. Surprisingly, for the first 
period, the absolute life expectancy gains are larger in the less advantaged group (0.27 years) 
and smaller in the most advantaged group (0.19 years). The Med-Low group of pensioners 
experienced the largest life expectancy gain (0.59). For the second period, different to has 
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been observed for the first period, beneficiaries in the most advantaged group show the 
largest LE65 gains (0.65 years) and Med-Low group of pensioners the smallest (0.15 years) 
For the whole period (P1-P3), in general terms can be said that the higher the PI level, the 
greater the improvement in life expectancy; the exception being the Med-Low group of 
pensioners. 

But what about LE75? Graph 3 shows complete life expectancy at age 75, LE75, by PI levels 
and Graph 4 their improvement along the three periods under study. For LE75 we also see a 
positive link with PI level. Similar comments to those on the LE65 graphs can be made about 
LE75. 

Figure 4 displays life expectancy and 65 and 75 years and its absolute differences by PI levels 
for the periods studied. This figure is broken down into 4 graphs: Graphs 1 and 3 show the 
difference in years for LE65 and LE75 respectively between each group and the total life 
expectancy while graphs 2 and 4 show the difference in years for LE65 and LE75 respectively 

using the highest PI group as a benchmark. 

  

  

Figure 4: LE65 and LE75 and differences in it by PI levels (PE+SE)  

The results are noticeable: Absolute differences in LE65 between the highest and lowest 
groups are found to have widened over time. For both groups in the third period, LE65 

difference is further from that of the population as a whole than in the first period (Graph 
1). Graph 2 provides valuable information: For 2005-2010, a gap of 1.20 years between 
pensioners in the lowest and the highest income groups is reported. This gap widens over 
time and reaches 1.51 years in 2014–2018. A similar trend can be observed if the highest PI 
group is compared with the other two groups. As can be seen in Graph 3 and 4 absolute 
differences in LE75 between the highest and lowest groups have also widened over time, but 
these disparities in LE75 have not been constant over time. 
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The whole group of retirement beneficiaries is comprised by two subgroups: SE and PE. It 
is worth analyzing LE for each of them by PI level. Figure 5 shows LE at 65 and 75 years by 
PI levels for both collectives. This figure is broken down into 4 graphs: Graphs 1 and 3 show 
LE65 and LE75 respectively for SE pensioners while Graphs 2 and 4 show LE65 and LE75 for 

PE pensioners. 

As anticipated in Table 2, SE pensioners can be considered only in two PI levels: Low and 
Med-Low.  Med-High and High PI groups data include very few individuals, so data is 
unreliable. This is not surprising given that the average retirement benefit for all the pensions 
in payment was around €10,196 per year in 2018 for the SE regime. The same figure for PE 
regime was €17,291 per year in 2018; the average benefit was 70% higher in the PE regimen 
than in the SE regime. It is worth remembering that in the self-employed special regime, the 
contribution base is chosen annually by the worker between the minimum and maximum 
bases in force each year. Most of self-employed workers have decided to contribute by the 
minimum base in force in the 2008-2017 interval. Similar behavior is observed in previous 
periods. This is the main reason why the retirement benefits are lower than in the PE regime. 

  

  

Figure 5: LE65 and LE75 by PI level for both regimes. 

For both groups of pensioners: PE and SE, Table 6 shows information about the level of 
statistical significance of the absolute differences in LE between PI groups by periods and 
ages by comparing the DLE between the highest and the lowest group in each of them.  

For PE beneficiaries DLE65 are statistically significant at 1% for all periods whereas for 
DLE75 are significant at 1% for P3 and at 10% for periods P1 and P2. DLE for SE 
beneficiaries are less statistically significant given that the reduced difference in the amount 
of benefit between the Med-Low and PI groups. In any case, for the second period DLE65 

19.96 20.01

20.82

20.42

21.21 21.34

20.23

20.88
21.19

18.0

18.5

19.0

19.5

20.0

20.5

21.0

21.5

22.0

2005-2010 2010-2014 2014-2018

Y
ea

rs
 

Periods

1.-LE65 (SE)

Low Med-Low Total

19.36
19.76 19.64

20.73
20.91

21.60

20.00
20.34

20.64

18.0

18.5

19.0

19.5

20.0

20.5

21.0

21.5

22.0

2005-2010 2010-2014 2014-2018

Y
ea

rs
 

Periods

2.-LE65 (PE)

Low Med-Low Med-High High Total

12.08

12.37

12.85

12.37

13.06 13.14

12.18

12.80

13.05

11.0

11.5

12.0

12.5

13.0

13.5

2005-2010 2010-2014 2014-2018

Y
ea

rs
 

Periods

3.-LE75 (SE)

Low Med-Low Total

12.10
12.27

12.4612.55
12.70

13.29

12.08

12.37

12.71

11.0

11.5

12.0

12.5

13.0

13.5

2005-2010 2010-2014 2014-2018

Y
ea

rs
 

Periods

4.-LE75 (PE)

Low Med-Low Med-High High Total



14 
 

and DLE75 are found to be statistically significant at 1% level. In periods one and three, 
DLE65 are statistically significant at 10% for all periods whereas for DLE75 the null 
hypothesis cannot be rejected. 

Table 6: Absolute differences in life expectancy between PI groups by periods and ages 

Items 

Between High and low PI 
groups  
(PE) 

Between Med-Low and low PI 
groups 

(SE) 
P1 P2 P3 P1 P2 P3 

DLE65 1.367 1.150 1.960 0.459 1.202 0.520 
Se(DLE65) 0.347 0.344 0.330 0.335 0.337 0.324 
z score 3.94*** 3.34*** 5.95*** 1.37* 3.57*** 1.61* 
DLE75 0.452 0.433 0.830 0.284 0.694 0.295 
Se(DLE75) 0.306 0.309 0.301 0.253 0.260 0.275 
z score 1.48* 1.40* 2.76*** 1.12 2.67*** 1.07 

Source: Own work 

An intuitive method to better understand the statistical significance of  absolute differences 
in life expectancy between pension income groups is to build confidence intervals for life 
expectancy using bootstrap, as described in Appendix 1. Figure 6 illustrates the sample 
distributions of  LE65 in P1 for some pension income groups of  PE (Graph 1) and SE (Graph 
2) beneficiaries. The probability distributions of  LE65 are  computed using 1,000 simulations 
that capture the uncertainty in the survival process of  these pension income groups. 

For PE beneficiaries, the simulated LE65 95% confidence intervals are (18.90-19.92) and 
(20.27-21.21) respectively for the low and high pension income groups. The DLE65 for the 
mean values is 1.37 years (20.74-19.37). For SE beneficiaries the simulated LE65 95% 

confidence intervals are (19.37-20.52) and (20.11-20.76) respectively for the low and 
medium-low pension income groups. The DLE65 for the mean values is 0.46 years (19.98-
20.43).  

  

Figure 6: Histograms of the simulated LE65 in P1 for some PE and SE pension income groups. 

Figure 6 illustrates the results shown in Table A6 Appendix 1 (which is equivalent to Table 
6 in this section). Graph 1 shows that the DLE65 for PE beneficiaries is statistically significant 
at 1%, given that the 95% confidence intervals are not overlapping. Graph 2 shows that the 
two distributions are quite different, but the 95% confidence intervals are partly overlapping, 
indicating that the statistical significance is attained at the higher level. 

Table 7 gives information about the level of statistical significance of the absolute differences 
in life expectancy between pension regime groups by equivalent pension income groups and 
periods. Differences in life expectancy between medium-low groups are significant at 1% for 
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ages 65 and 75. However, the differences in life expectancy between low groups are not 
significant for age 75 and only at 1% for P3 and 10% for P1 at age 65.  

Table 7: Absolute differences in life expectancy between pension regime groups by 
equivalent pension income groups and periods 

Items 
Between low groups  

(SE-PE) 
Between medium-low groups 

(SE-PE) 
P1 P2 P3 P1 P2 P3 

DLE65 0.597 0.246 1.180 0.665 1.057 1.113 
Se(DLE65) 0.382 0.398 0.393 0.216 0.196 0.190 
z score 1.56* 0.62 3.00*** 3.08*** 5.38*** 5.87*** 
DLE75 -0.017 0.099 0.385 0.470 0.837 0.720 
Se(DLE75) 0.282 0.308 0.335 0.193 0.172 0.163 
z score -0.06 0.32 1.15 2.44*** 4.86*** 4.41*** 

Source: Own work 

Figure 7 presents the histograms of the simulated LE65 for equivalent low groups in P1 
(Graph 1) and P3 (Graph 2). These are a useful graphic tool to better understand the results 
shown in Table A8 Appendix 1 (which is equivalent to Table 7 in this section). 

Graph 1 shows that some of the 95% confidence intervals for LE65 are overlapping given 
that the values are (18.90-19.92) and (19.37-20.52) respectively for PE and SE. This is why 
the level of statistical significance for DLE65 is at 10% in the one-tailed test in P1. Conversely, 
Graph 2 clearly shows that there is no overlap between the 95% confidence intervals for the 
simulated LE65 for equivalent low-income groups in P3. The simulated LE65 95% confidence 
intervals are (19.11-20.15) and (20.28-21.38) respectively for PE and SE beneficiaries and the 
DLE65 for the mean values is 1.19 years (20.82-19.63). This is why the DLE65 is statistically 
significant at 1% in the third period. 

  

Figure 7: Histograms of the simulated LE65 for equivalent low-income groups in P1 and P3. 

What about relative inequalities in life expectancy between pension income groups? Figure 8 
presents this information broken down into 4 graphs. Graphs 1 and 2 show the relative 
difference (RD) in LE65 (RDLE65) between a given pension income group and the wealthiest, 
for total pensioners (SE and PE) and PE retirement beneficiaries respectively. This is 
calculated as the ratio between life expectancy in the highest pension income group and that 
in the low, medium-low or medium-high group minus 1, expressed as a percentage. Graphs 
3 and 4 are the equivalents to Graphs 1 and 2 respectively for LE75. 
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Figure 8: Relative differences (RD) in LE65 and LE75.  

There is no doubt that relative inequality between pension income groups has grown over 
time as regards life expectancies for the whole group of pensioners (SE+PE) and for PE 
beneficiaries. For 2005-2010, if we consider the whole group of pensioners (Graph 1), we 
estimate that LE65 for the most disadvantaged group is 5.78% lower than for the most 
advantaged. In the case of PE beneficiaries and for the same period, the RDLE65 reaches 
6.59%. Two periods later, in 2014-2018, the inequality is even greater, with LE65 being 7% 
(9.07%) lower than the benchmark group for the whole (PE) group of pensioners. Similar 
figures can be observed in the case of LE75 (Graphs 3 and 4). The same pattern can be seen 
for all the other pension income groups. For retirement pension beneficiaries as a whole, a 
low relative difference of 1.64% (LE65) and 1.43% (LE75) is shown for the medium-high 
group in the first period. In the second period this difference is lower, but in the third it 
increases again from 1.11% to 2.89% and from 1.14% to 2.42% respectively.  

To conclude this section, we present a comparison between our results for the whole 
retirement pensioner group (SE+PE) and the life expectancy of the Spanish population as a 
whole (Figure 9, Graph 1 for LE65 and Graph 2 for LE75). 

As expected, individuals in 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 
(currently 20) years, including at least 2 of the last 15 (20) years. This requirement is likely to 
exclude some of the most at-risk members of the Spanish population because of the strong 
correlation between labour force participation and health observed in various countries 
(Waldron, 2007; Urbanaviciute et al., 2019; Piłat et al., 2020). As mentioned earlier, disabled 
beneficiary and early retiree collectives with lower life expectancies than the general 
population were excluded from our sample.  
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Absolute differences in life expectancy are seen to narrow over time. For 2005-2010, a gap 
in life expectancy of 1.92 years between SE+PE and the Spanish population is reported. This 
gap is widest in the most advantaged group (2.58 years) and narrowest in the least advantaged 
(1.38). For the second period, the gap is smaller than for the first for all pension income 
groups and the whole population of retirement beneficiaries. The gap narrows from 1.92 
years to 1.57 years. For the third period we see a further reduction in absolute differences in 
life expectancy for all pension income groups except for that with the highest pensions. The 
difference in LE65  between SE+PE and the Spanish population is 1.55 years (a slight 
reduction of 0.02 years), whereas for the most advantaged group the reported gap widens to 
2.30 years, 0.35 years more than in the previous period.  

  

Figure 9: DLE65 and DLE75 by pension income level (Spanish population as a benchmark) 

A very similar pattern can be seen in Graph 2 for differences in LE75. Naturally the 
differences are smaller than for age of 65, but they are certainly not negligible. Absolute 
differences in life expectancy are seen to narrow over time, from 1.01 years for the first 
period to 0.81 years in the third. The most advantaged group continues with an absolute 
difference in LE75 of 1.28 years, whereas for the least advantaged group this is only 0.52 
years. 

4.-Discussion  

Contrary to what has been observed in countries such as Italy, Finland and Japan, although 
similar to the case of Germany, we find that LE65 is slightly higher for SE than for PE 
retirement pensioners. We also find a positive association between pension income levels 
and life expectancy for the male retirement pensioner group as a whole. The trends for the 
full period analysed show that the gaps between life expectancy by pension income level have 
widened.  

Our findings are in line with those of Regidor et al., (2012), Kulhánová et al. (2014), 
Mackenbach et al. (2017), and Solé-Auró et al. (2020). The paper by Regidor et al. (2012) 
concludes that mortality inequalities between older Spanish adults are small. The ubiquity of 
social safety nets and widespread adherence to the Mediterranean diet may be responsible 
for this finding. For Kulhánová et al. (2014) these smaller inequalities in mortality seem to be 
a historical coincidence rather than the outcome of deliberate policies. The paper by 
Mackenbach et al. (2017) also reports that relative inequalities in mortality are largest in 
Eastern Europe (Czech Republic, Lithuania, Hungary, Estonia and Slovenia) and smallest in 
the South (Spain and Italy). Solé-Auró et al. (2020) suggest that this lower gradient in 
mortality might be partly explained by a later process of economic modernization or by the 
existence of health assets that have traditionally received less attention in these countries. 
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These health assets, such as greater family network density and less inequality of access to 
healthy food, may be critical elements of political action. None of the above-mentioned 
papers use pension income levels as a socioeconomic indicator to evaluate life expectancy.  

A plausible explanation for the contradictory association between LE65 and pension regime 
in Spain could involve the existence of unobserved earnings. In general terms, SE 
beneficiaries have a higher life expectancy than PE pensioners despite the average retirement 
benefit being (much) lower for SE than for PE pensioners. The estimated associations would 
be biased if SE pensioners actually had additional sources of income that we did not see, i.e. 
what have been termed “unobserved earnings” in the literature. With this term we refer to 
all unmeasured earnings that may actually affect the pensioner’s position in a particular 
pension income level group. 

Von Gaudecker and Scholz (2007) and Shkolnikov et al. (2007) attribute their evidence of a 
counterintuitive J-shaped relationship between life expectancy at age 65 and lifetime earnings 
in Germany to unobserved earnings. 

Table 8: LE65 and the average benefit in euros for each pension income group 
broken down by pension regime 

Pension 
Regime PE SE 

2005-2010 

Items LE65 
Average 
Benefit LE65 

Average 
Benefit 

Equivalent 
Average 
Benefit 

EAB/AB 

Low 19.36 3,486.90 19.96 4,275.29 14,281.57 3.34 
Med-Low 19.75 10,550.76 20.42 9,859.92 22,575.93 2.29 
Med-High 20.41 22,416.19 n.a. n.a. n.a. n.a. 
High 20.73 28,202.24 n.a. n.a. n.a. n.a. 
Total 20 15,047.00 20.23 6,627.16 19,206.09 2.90 

2014-2018 
Low 19.64 4,795.15 20.82 5,595.17 21,951.00 3.92 
Med-Low 20.22 13,338.84 21.34 12,446.29 29,515.46 2.37 
Med-High 21.01 24,691.91 n.a. n.a. n.a. n.a. 
High 21.60 33,283.73 n.a. n.a. n.a. n.a. 
Total 20.64 19,384.68 21.19 9,121.68 27,380.03 3.00 

Source: Own work 

Table 8 gives information about LE65 and the average benefit for each pension income group 
broken down by pension regime for the first and third periods analysed. 

For the period 2005-2010 the average benefit for SE beneficiaries is only 44% of the average 
benefit of PE beneficiaries, whereas LE65 is 0.23 years higher and this difference is statistically 
significant, as shown in the previous section. Similarly, for the third period the average 
pension income of SE pensioners is around 47% that of PE recipients and LE65 is 0.55 years 
higher. Is anything wrong with this evidence? As mentioned before, we suspect that there 
might be additional sources of income involved that are not included in the single 
socioeconomic indicator for SE beneficiaries. 

Under the assumption that the real association between LE65 and pension income is that 
observed for PE beneficiaries, it is easy to find a linear relationship between life expectancy 
and the amount of benefit. The Equivalent Average Benefit column for SE beneficiaries 
shows the equivalent benefit consistent with the observed life expectancy.  
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In the first period, 2005-2010, for the low pension income level the “official” average benefit 
was 4,275.29 euros/year, whereas the estimated average benefit according to their LE65 

should be 14,281.57 euros/year, i.e. 3.34 times higher than the observed value. For the period 
2014-2018 the estimated average benefit would be even higher, 3.92 times the observed 
benefit for the lowest pension income group. 

If we look at the medium-low group of retirement pensioners, the estimated average benefit 
in line with their LE65 would be 2.29 times higher than the observed value for the first period 
and 2.37 times higher for 2014-2018. In short, there is a misclassification if we only consider 
the observed SE pension benefit. In the first period the group classified as SE medium-low 
would be equivalent to the PE medium-high group, while in the third period this group 
would be between the PE medium-high and high groups 

What could these suspected additional sources of income be?  

1.-Income from active retirement. From 2013 to 2018 the number of SE beneficiaries in this 
state of “active retirement” multiplied by 6. If SE beneficiaries meet certain legal 
requirements, working is compatible with the receiving 50% of the pension. Since November 
2017, if the SE beneficiary has at least one employee, the amount of pension compatible with 
working is 100% of their retirement benefit10.  

2.-Receipt of income or capital from individual supplementary social security systems that 
were contracted during their working life, given that the contribution base in this special 
scheme is chosen annually by the worker between the minimum and maximum bases in force 
each year. 

3.-Receipt of income from accumulated capital linked to their business assets during working 
life: income from business transfers upon retirement, dividend income from shares in the 
businesses in which they worked as managers/administrators (corporate self-employed) as 
long as they only own their share and do not continue to work, and/or income from the 
rental/leasing of real estate (urban or rustic) in connection with their former business as a 
self-employed person. 

To summarize, all the unmeasured earnings that could affect a pensioner’s position in a 
particular pension income level group could explain why SE beneficiaries have higher life 
expectancy than PE pensioners despite the fact that their average retirement benefit is (much) 
lower. Either way, this issue clearly goes beyond the scope of this paper and further research 
would need to be done to unravel this apparent puzzle.  

5.-Conclusions  

Taking stock of the situation in the awareness that using the initial pension income level as 
the sole indicator of the socioeconomic status of the retired population has its limitations, it 
can be said that the paper’s objective has been fully achieved, given that the four basic 
research questions were answered. We have found differences in life expectancy between SE 
and PE groups of retirement pensioners and between pension income groups. The 
differences are small but statistically significant. The trends for the entire period analysed 
show that the difference in life expectancy as measured by pension regime and pension 
income level has widened further.   

Contrary to what has been observed in certain other countries, LE65 is slightly higher for self-
employed than for paid employee retirement pensioners. For 2005-2010, a gap in life 
expectancy of 0.23 years between SE and PE retirement pensioners is reported. This gap 

 
10 http://www.seg-social.es/wps/wcm/connect/wss/3aa925cb-ece2-4477-acbf-7e3f853d8977/TOMO+III.-
+INFORME+ECONOMICO-FINANCIERO-P.pdf?MOD=AJPERES&CVID= 

http://www.seg-social.es/wps/wcm/connect/wss/3aa925cb-ece2-4477-acbf-7e3f853d8977/TOMO+III.-+INFORME+ECONOMICO-FINANCIERO-P.pdf?MOD=AJPERES&CVID=
http://www.seg-social.es/wps/wcm/connect/wss/3aa925cb-ece2-4477-acbf-7e3f853d8977/TOMO+III.-+INFORME+ECONOMICO-FINANCIERO-P.pdf?MOD=AJPERES&CVID=
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widens to 0.55 years in 2014–2018. A similar trend can be observed when the pension income 
group is considered. For 2005-2010 the gap in LE65 between pensioners in the lowest and 
highest income groups is 1.20 years. This widens over time to reach 1.51 years in 2014–2018. 
However, although these inequalities are relatively small, they are statistically significant.  

We have briefly discussed an explanation for the contradictory association between LE65 and 
pension regime in Spain, i.e. unobserved earnings. All the unmeasured earnings that may 
affect a pensioner’s position in a particular pension income level group could explain why 
SE beneficiaries have higher life expectancy than PE pensioners, despite the fact that their 
average retirement benefit is (much) lower. Further research needs to be done in this area.  

The social security policy implications emerging from our research are evident. Life 
expectancy gaps by socioeconomic status and pension regime should be taken into account 
for a variety of issues involving social security schemes, e.g. to establish the age of eligibility 
for retirement pensions and early access to benefits, to compute the annuity factors used to 
determine initial retirement benefits, and to value the system’s liabilities for retirement 
pensioners. 
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7.-Appendix 1: an alternative approach to building confidence intervals 

An alternative approach used to build life expectancy confidence intervals is based 
on Camarda (2012). To be specific, we modify the R routine (LifeTableFUN.R) provided by 
Camarda11 using bootstrap.  

Following Li (2015) we use the simulated life expectancies obtained by Camarda´s 
bootstrapping procedure in order to test whether a life-table variable, in this case life 
expectancy at age 65 for one pension income group, LE652 , is bigger than the same variable 
for another pension income group, LE651  i.e. whether such a difference is statistically 
significant or whether it may appear purely by random chance. 

We will denote by the use of SLE65(i)
1  and SLE65(i)

2 ,  𝑖𝑖 = 1, . . . , 𝑛𝑛𝑠𝑠 the simulated life 
expectancy for each group at age 65. Since the i is chosen independently for SLE65(i)

1  and 
SLE65(i)

2 , the sample distribution of z can be computed as: 

𝑧𝑧(𝑖𝑖) =
 SLE65(i)

2 −  SLE65(i)
1  −∑ (SLE65(i)

2 − SLE65(i)
1 )/𝑛𝑛𝑠𝑠
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𝑖𝑖=1 
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2 +  𝜎𝜎2�
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 (A1) 

𝑖𝑖 = 1, . . . ,𝑛𝑛𝑠𝑠 where  𝜎𝜎1�
2 and 𝜎𝜎2�

2 can be computed from the sample distributions as: 

𝜎𝜎𝑚𝑚�
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∑ �SLE65(i)
ℎ  − ∑ SLE65(i)
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𝑛𝑛𝑠𝑠
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𝑛𝑛𝑠𝑠 − 1 ;  𝑚𝑚 = 1,2 (A2) 

 

Using the sample distribution of z, we can find out the 95% confidence interval, namely 
[𝑐𝑐1, 𝑐𝑐2], not exactly but approximately.  The test statistic of the observed value 𝑧𝑧 is  

𝑧𝑧 =
LE652  −  LE651

�𝜎𝜎1�
2 +  𝜎𝜎2�

2
 (A3) 

where 𝜎𝜎1�
2 and 𝜎𝜎2�

2are the estimated variances of LE651 and LE652 , which can be computed 
from the sample distributions as above. 

If 𝑧𝑧 falls outside [𝑐𝑐1, 𝑐𝑐2], then the null hypothesis leads to an observation that occurs with a 
probability smaller than 0.05, and hence it is rejected at the 0.05 level. Moreover, if the test 
is a one-tailed test to the right, then for a given significance level we can calculate the critical 
value 𝑍𝑍𝛼𝛼 using the sample distribution of z such that 𝑃𝑃𝑃𝑃(𝑧𝑧 ≤ 𝑍𝑍𝛼𝛼)  = 1 − 𝛼𝛼 

 
11 https://sites.google.com/site/carlogiovannicamarda/r-stuff/life-expectancy-confidence-interval. In this 
process we use the function 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟(𝑚𝑚 ∙ 𝑛𝑛𝑛𝑛,𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁,  𝑞𝑞𝑥𝑥) to generate life table deaths, Y, where m are the number 
of ages (65 to 101), 𝑛𝑛𝑛𝑛 the number of random samples, in this case 1,000, 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 =  𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟( 𝐷𝐷𝑥𝑥/ 𝑞𝑞𝑥𝑥), where 
 𝐷𝐷𝑥𝑥 is the number of observed deaths and  𝑞𝑞𝑥𝑥 the smoothed observed probabilities of death. Then we construct 
the simulated probabilities,  𝑄𝑄𝑥𝑥  =  𝑌𝑌/𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁, to be used to generate simulated life tables and, as a product of the 
𝑛𝑛𝑛𝑛, simulated life expectancies at a given age, SLEX(i), 𝑖𝑖 = 1, . . . , 𝑛𝑛𝑠𝑠  . Using the sample distribution of these 
𝑛𝑛𝑠𝑠 replicates we construct the confidence interval at a given quantile. 

https://sites.google.com/site/carlogiovannicamarda/r-stuff/life-expectancy-confidence-interval
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The main results of using this alternative methodology are shown in the following tables. 
The robustness of the results is assured given that they are almost identical to what was seen 
in section 3. 

Table A1:  Critical values right-tailed test for z score between pension regime groups 

 DLE65  between SE and PE 

Items P1 P2 P3 

1% significance level 2.346 2.234 2.443 

5% significance level 1.573 1.647 1.725 

10% significance level 1.322 1.275 1.304 

 DLE75 between SE and PE 

1% significance level 2.229 2.281 2.396 
5% significance level 1.631 1.684 1.659 
10% significance level 1.315 1.301 1.279 

Source: Own work 
 

Table A2: Absolute differences in life expectancy between pension regime groups 
Items Dif. between SE and PE 

P1 P2 P3 
DLE65 0.232 0.539 0.546 

Se(DLE65) 0.164 0.155 0.122 
z score 1.41* 3.45*** 3.61*** 
DLE75 0.098 0.427 0.337 

Se(DLE75) 0.144 0.132 0.132 
z score 0.69 3.15*** 2.54*** 

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

Source: Own work 
 
Table A2 is the equivalent to Table 4 shown in section 3.  
 

Table A3.  Critical values right-tailed test for z score within pension regime groups 
between periods 

 DLE65   

Items PE SE PE+SE 

P2-P1 P3-P2 P2-P1 P3-P2 P2-P1 P3-P2 

1% significance level 2.166 2.348 2.246 2.386 2.235 2.199 

5% significance level 1.563 1.579 1.571 1.572 1.659 1.719 

10% significance level 1.212 1.268 1.224 1.211 1.356 1.279 

DLE75 

1% significance level 2.327 2.356 2.070 2.315 2.265 2.240 

5% significance level 1.642 1.587 1.537 1.572 1.622 1.631 

10% significance level 1.272 1.217 1.194 1.197 1.318 1.256 

Source: Own work 
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Table A4: Absolute differences in life expectancy within pension regime groups by 
periods 

Items PE SE PE+SE 
P2-P1 P3-P2 P2-P1 P3-P2 P2-P1 P3-P2 

DLE65 0.346 0.297 0.653 0.304 0.463 0.278 
Se(DLE65) 0.128 0.126 0.185 0.176 0.106 0.103 
z score 2.69*** 2.38*** 3.50*** 1.71** 4.38*** 2.72*** 
DLE75 0.291 0.338 0.619 0.248 0.425 0.278 
Se(DLE75) 0.114 0.113 0.158 0.148 0.095 0.092 
z score 2.59*** 3.03*** 3.84*** 1.62* 4.60*** 3.08*** 
*** significant at 1% one-tailed test. ** significant at 5% one-tailed test. * significant at 10% one 

tailed test. 
Source: Own work 

Table A4 is the equivalent to Table 5 shown in section 3.  

Table A5: Critical values right-tailed test for z score between PI groups by periods 
DLE65 

Items 

Between High and low PI 
groups 
(PE) 

Between Med-Low and low PI 
groups 

(SE) 
P1 P2 P3 P1 P2 P3 

1% sign. level 2.340 2.303 2.300 2.515 2.414 2.316 
5% sign. level 1.699 1.588 1.605 1.658 1.685 1.724 
10% sign. level 1.317 1.227 1.194 1.255 1.291 1.334 

DLE75 
1% sign. level 2.368 2.218 2.172 2.316 2.600 2.313 
5% sign. level 1.670 1.593 1.610 1.660 1.783 1.744 
10% sign. level 1.354 1.236 1.292 1.327 1.278 1.290 

Source: Own work 
 
 

Table A6: Absolute differences in life expectancy between PI groups by periods and ages 

Items 

Between High and low PI 
groups 
(PE) 

Between Med-Low and low PI 
groups 

(SE) 
P1 P2 P3 P1 P2 P3 

DLE65 1.367 1.150 1.960 0.459 1.202 0.520 
Se(DLE65) 0.817 0.342 0.330 0.237 0.326 0.326 
z score 3.94*** 3.34*** 5.95*** 1.37* 3.57*** 1.61* 
DLE75 0.452 0.433 0.830 0.284 0.694 0.295 
Se(DLE75) 0.309 0.309 0.303 0.253 0.253 0.261 
z score 1.48* 1.40* 2.76*** 1.12 2.67*** 1.07 
*** significant at 1% one-tailed test. ** significant at 5% one-tailed test. * significant at 10% one 

tailed test. 
Source: Own work 

Table A6 is the equivalent to Table 6 shown in section 3.  
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Table A7: Critical values right-tailed test for z score between PI groups by periods 
DLE65 

Items 
Between Low groups 

(SE-PE) 
Between Med-Low groups 

(SE-PE) 
P1 P2 P3 P1 P2 P3 

1% sign. level 2.301 2.170 2.122 2.165 2.528 2.136 
5% sign. level 1.538 1.591 1.640 1.631 1.681 1.610 
10% sign. level 1.231 1.301 1.276 1.270 1.332 1.231 

DLE75 
1% sign. level 2.245 2.290 2.398 2.265 2.349 2.277 
5% sign. level 1.529 1.561 1.605 1.663 1.711 1.513 
10% sign. level 1.227 1.275 1.233 1.243 1.301 1.215 

Source: Own work 
 

Table A8: Absolute differences in life expectancy between pension regime groups by 
equivalent pension income groups and periods 

Items 
Between Low groups 

(SE-PE) 
Between Med-Low groups 

(SE-PE) 
P1 P2 P3 P1 P2 P3 

DLE65 0.597 0.246 1.180 0.665 1.057 1.113 
Se(DLE65) 0.386 0.389 0.386 0.213 0.195 0.187 
z score 1.56** 0.62 3.00*** 3.08*** 5.38*** 5.87*** 
DLE75 -0.017 0.099 0.385 0.470 0.837 0.720 
Se(DLE75) 0.287 0.305 0.324 0.195 0.171 0.161 
z score -0.06 0.32 1.15 2.44*** 4.86*** 4.41*** 
*** significant at 1% one-tailed test. ** significant at 5% one-tailed test. * significant at 10% one 

tailed test. 
Source: Own work 

Table A8 is the equivalent to Table 7 shown in section 3.  
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