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Abstract: Reliable estimates for differences in life expectancy (LE) by socio-eco-
nomic position (SEP), that can be assessed in an international context and are com-
prehensive in terms of considering different SEP dimensions, are missing for the
German population so far. The aim of the present study is to fill this gap by providing
estimates for differences in LE by education, household income, work status and
vocational class. The lack of national mortality data by SEP required an innovative
methodological approach to estimate LE from survey data with a mortality follow-
up. The main strengths of the method are the low demand on the data, its simple
applicability and the estimation of a set of age-specific probabilities of dying. We
employed the method to the German Life Expectancy Survey and estimated period
life tables for 45 male and 32 female SEP subpopulations. The results show strik-
ing differences in LE across all analysed SEP indicators. Among men, LE at age 40
ranges by more than five years between the lowest and highest household income
quartiles, more than six years between individuals with low and high education,
around ten years across the work status groups, and almost 15 years across the
vocational classes. The proportion of those who reach the classic pension age of
65 years also varies considerably, as does the remaining LE at this age. The corre-
sponding differences among women are smaller, yet still notable. The results yield
an interesting finding for the ongoing discussion about the various consequences
of an increased pension age. Moreover, they provide policy-makers, doctors, re-
searchers and public health workers with insights into Germany’s most disadvan-
taged SEP subpopulations and the potential extent of their disadvantages in terms
of longevity and mortality.
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1 Introduction

Differences in lifetime by socioeconomic position (SEP) are some of the most stud-
ied phenomena in international mortality research. The social gradient in longevity
—i.e., the higher the SEP, the lower the mortality — has been shown for nearly every
industrialised society (e.g. Kunst 1997; Mackenbach et al. 1997; Spijker 2004). How-
ever, estimates for Germany are missing in most international comparative studies
(see for instance the recent compilation of life expectancy by educational attainment
for the European Union and Norway by EUROSTAT in Corsini 2010). This is due to
the fact that official German population statistics do not provide data for mortality
by SEP. Therefore, researchers who are interested in social differences in mortality
in Germany must consult alternative data sources. Most commonly used are data
from health insurances, pension registers and surveys with a mortality follow-up.
Based on such data, the mortality gradient by SEP has also been confirmed for the
German population for each of the three central dimensions of SEP, i.e. education,
income and occupation (an extensive overview can be found in Lampert/Kroll 2014).

Due to the specific data situation in Germany, most studies analysing this topic
provide results in terms of relative risks for specific age segments. For instance,
Klein et al. (2001) found that among the 25-64 years old participants of the Augsburg
MONICA study, the risk of dying decreases by 7.6 percent with every year of educa-
tion. Such numbers are difficult to assess, however. This difficulty holds especially
true for estimates on young and middle adult ages where the general level of mor-
tality is low, and thus even small absolute differences in mortality can easily cause
large relative differences. For most users of data on mortality differentials — such as
public health workers and policy-makers — estimates for life expectancy (LE) would
be more informative. Unfortunately, studies containing such estimates for the Ger-
man population are rare. Most of them analyse differences in LE by income (e.g.
Doblhammer et al. 2008; Kibele et al. 2013; Lampert/Kroll 2006; Lampert et al. 2007;
Luy 2006; Perna et al. 2010; Shkolnikov et al. 2008; von Gaudecker 2006; von Gaud-
ecker/Scholz 2007), but we found only six which present differences by education
level (Doblhammer et al. 2008; Klein 1996, 1999; Luy 2006; Perna et al. 2010; Unger/
Schulze 2013), and even less include estimates for LE by occupation status defined
by main work status groups (Dobl/hammer et al. 2008; Luy 2006) or the basic differ-
entiation between blue and white collar occupations (Kibele et al. 2013).

What makes the thin information on differences in LE by SEP in Germany even
more limited is the fact that the existing studies are very heterogeneous with regard
to the data and methods used as well as the definitions of the analysed subpopu-
lations. We illustrate this briefly for the six studies providing estimates for differ-
ences in LE by education level. Four of them (Dob/lhammer et al. 2008; Klein 1996,
1999; Unger/Schulze 2013) are based on data of the German Socio-Economic Panel
(SOEP), whose mortality follow-up has been demonstrated to be not representative
for the mortality of the overall German population (Schnell/Trappmann 2006). The
study conducted by Luy (2006) is based on data of the German Life Expectancy
Survey (LES), and the study of Perna et al. (2010) on data of the Augsburg MONICA/
KORA study. The longevity indicators used in these publications range from LE at



Life Expectancy by Education, Income and Occupation in Germany <« 401

birth (Perna et al. 2010) to LE at age 16 (K/ein 1996), at age 40 (Klein 1999; Unger/
Schulze 2013), at age 45 (Luy 2006) and at age 50 (Dob/lhammer et al. 2008). How-
ever, only Klein (1996) and Unger and Schulze (2013) derive these figures from the
classical period life table approach. K/ein (1999) presents estimates for education-
specific LE only for a further subdivision of the education groups by income and
marital status. Perna et al. (2010) translate an estimated hazard function for the
study sample on the basis of odds ratios into education-specific survival functions.
Doblhammer et al. (2008) estimate how variations in the education level change the
expected remaining life years of a reference person defined by specific characteris-
tics with regard to marital status, work status, income, satisfaction with health and
number of persons in the household. Luy (2006) performs cohort projections for
individuals born between 1934 and 1952.

Another aspect which further complicates comparisons is that the six studies an-
alyse different education levels, but none of them classifies the subgroups accord-
ing to the internationally recognised ISCED scale: Klein (1996) presents estimates
for the graduation levels of tertiary and below tertiary, Klein (1999) for minimum
secondary and maximum primary, Luy (2006) for tertiary, secondary and primary,
Doblhammer et al. (2008) for tertiary versus primary, Perna et al. (2010) for lower
secondary and tertiary, and Unger and Schulze (2013) for tertiary, secondary and
having no graduation (without presenting data for the primary level). As a conse-
quence of these different approaches, the estimated variation in LE by education
level varies considerably, ranging from 2.3 years (Perna et al. 2010) to 7.7 years
(Unger/Schulze 2013) among men and from 1.9 years (Luy 2006) to 6.4 years (Dob/-
hammer et al. 2008) among women. Finally, all studies base their education-specific
LE estimates on the assumption of age-invariant relative mortality risks, which were
derived — with different methodological approaches — from survival experiences in
young and mid-adult ages. This is questionable, because mortality differences by
SEP have been shown to vary across ages and are usually higher in young and mid-
adulthood than in older age groups (e.g. Zajacova et al. 2009).

The main point of this brief overview of existing estimates for differences in LE
by SEP is that reliable estimates with regard to the extent of the differentials, that
can be assessed in an international context, and that consider different SEP dimen-
sions are missing for the German population. The aim of the present study is to fill
this gap by providing estimates for differences in period LE by the three central SEP
dimensions — education, income and occupation — which (i) refer to the same age
segment, (ii) are derived from the same data, (iii) are based on a method which takes
age-specific mortality patterns into account, and (iv) are easily accessible and ap-
plicable for further research. The lack of national mortality data by SEP in Germany
requires the development of a methodological approach to estimate LE from survey
data with a mortality follow-up. This method - to which we refer as the “Longitudi-
nal Survival Method” (LSM) - is introduced in section 2 with its theoretical and for-
mal derivation (section 2.1) and its implementation with the used LES data (section
2.2). The estimates for LE at ages 40 and 65 and the survival probabilities between
these ages by education, income, and occupation are presented in section 3. In
section 4 we discuss the specific characteristics of the LSM in comparison to other
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approaches for estimating LE from longitudinal survey data (section 4.1) and sum-
marise the most important results of this study in an international context (section
4.2). The paper ends with the final conclusions.

2 The Longitudinal Survival Method (LSM)
2.1 Theoretical and formal derivation

The development of the LSM was inspired by the techniques of indirect mortality
estimation, which are used for estimating LE in many developing countries. For
most of these populations, detailed data on deaths and the populations at risk are
still unavailable or of too bad quality to be useable (Luy 2010a). To produce de-
mographic estimates despite this lack of data, specific estimation techniques — the
so-called “indirect methods” — have been developed. These are based on particular
survey questions which are included in censuses or special survey projects (for an
up-to-date overview of these methods see Moultrie et al. 2013). The dominating
indirect technique for the estimation of adult mortality is the so-called “orphanhood
method”. Its basis is the information whether the survey respondents’ mothers and
fathers are still alive at the time of interview. The proportion of respondents with
mother and father alive is then transformed into a period survival probability from
age 25 to age 25 plus the age of respondents. Because the underlying mortality
levels and patterns are widely unknown in developing countries, the transforma-
tion is based on theoretical population models (see Hill et al. 1983). With the help
of model life tables, the best fitting survival function is used as estimated life table
for a specific period before the time of the survey. This reference period - i.e. the
calendar year to which the life table is assumed to apply — is derived from the age
of the respondents and the level of their parents’ mortality. Alternative and similarly
functioning indirect techniques for estimating adult mortality are based on informa-
tion about the survival of respondents’ siblings and spouses (more details can be
found in the above references as well as in Hill et al. 2005; Timaaus 1991).

The functionality of these indirect techniques and thus the quality of the result-
ing estimates depend predominantly on the fit between the assumed theoretical
mortality models and the actual mortality patterns. This has been demonstrated for
the orphanhood method with data from industrialised countries where the transfor-
mation of information about the survival of the respondents’ parents into a period
life table can be based on empirical data of trends in age-specific mortality (Festy
1995; Luy 2012). The availability of detailed data on mortality trends in developed
countries has been used by Luy (2012) to develop a “Modified Orphanhood Method”
(MOM) for application in these populations. The MOM has already been deployed
by Luy et al. (2011) to estimate LE by education and occupation in ltaly — where
official population statistics are also limited with respect to socially differentiated
mortality — and by Wiedemann (2012) to estimate LE of immigrants in Germany.

The LSM adopts the concept of indirect mortality estimation to transform longi-
tudinal survival data into a period life table. In contrast to these techniques, the ba-
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sic information of the LSM is not the (indirectly surveyed) survival of respondents’
relatives but the (directly recorded) survival of the respondents themselves. The
basic idea of the LSM can be loosely described as follows: when we have a survey
with a mortality follow-up, then we can “ask” the respondents themselves whether
they are still alive at the time of the follow-up. Thus, the proportion of respondents
who survived until the mortality follow-up can be used for an almost identical trans-
formation into period survivorship as it is done in indirect estimation approaches
with the proportions of respondents with relatives alive.

The basis of the LSM is the proportion of individuals in age x at the time of
the first survey who survived the time z until the mortality follow-up, denoted by
§R (x, x + z), with the bars indicating the average ages and average observation
times of all x-year old survey respondents at the time of the first interview. The
hat on §R indicates that the survival rate is derived directly from the survey data,
whereas survival rates without hat — being introduced below — are derived from data
for the entire population. The subscript R marks the reference to the survey respon-
dents. §R (x, X + z) can be calculated by dividing the number of survivors at the
time of the mortality follow-up — derived from the difference between the number
of respondents at age x at the time of the first survey, R(x), and the number of those
who died D(x) - by R(x), thus

R(x)-D(x)

Sp(X, X +2) = R0

(1

In order to maximise our use of the available information for the transformation
of these longitudinal survivorships into period survival probabilities, each individual
/ is used with the precise age x at the time of the first survey and the precise time
z until the mortality follow-up (calendar dates transferred into decimals). An ex-
pected longitudinal survival S, (X, X + z) is estimated for each age from the sum
of the individual survival rates from age x to x+z derived from the corresponding
survival probabilities p_of cohort life tables for the total population divided by R(x).
The expected longitudinal survivals are reconstructed for each survey respondent’s
precise age x and time z until the mortality follow-up by interpolation from the avail-
able cohort life tables (which usually only include survival probabilities for exact
ages x). In formal terms, the estimated expected longitudinal survival for the survey
respondents aged x at the time of the first interview until the mortality follow-up

I’eSu|tS from
E(X)[‘ X+Z ]

SL()?,)_(+Z):¢_

RX) (2)

In the next step, the corresponding period survivals Sp (X, X + z) for the refer-
ence period t are derived from the period survival probabilities / , which are recon-
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structed - equivalently to the previous step — by interpolation from the available
period life tables, thus

t .

Sp(X, X +2) =1~ "~

R(Y) 3)

An appropriate reference period ¢ is the mid-year between the times of the first
survey and the mortality follow-up. Alternatively, the reference period can also be
derived - if available — from the dates of death of the deceased survey respondents.
The longitudinal survival rates of the survey respondents Sg (X, X + Z) can be trans-
formed into period survival rates from the exact age x to x+z from

Sp(X,X+Z2),

—, (4)
S (X, x+2)

(’[;J S (R X+Z) WR+Z,X+2),
t

X

with w(X + Z, x + z), being a weighting factor for converting the period survival rate
from the age span between X and X + Z to the age span from age x to x+z (for exact
ages x and survival times z). These weighting factors can be derived from the pe-
riod life table for the reference period t. The resulting survivorship functions — one
for each age x — can be smoothed and extended to the highest ages with the Brass
model life table system (Brass 1975), setting the model parameter 8 = 1.0 and using
the reference life table as standard. From the resulting smoothed survival curves,
the age-specific probabilities of dying can be derived and weighted averages can
be calculated for each age x by taking R(x) into account. This results in a specific
age pattern of probabilities of dying g(x) which constitute the final basis for the life
table construction.

The LSM can be used to estimate life tables for any sub-population of the un-
derlying survey. The only necessary assumption is that the relationship between
cohort and period survival prevalent in the entire population, which is used for the
transformation in formula (4), applies equivalently to each subpopulation.

2.2 Application to the data of the German Life Expectancy Survey (LES)

Mortality data from surveys with mortality follow-ups are rarely large and complete
enough to apply an estimation method such as the LSM without specific adjust-
ments. For our analysis, we used data from the western sample of the German
Life Expectancy Survey (LES). The LES is a panel that consists of two waves of
interviews, restricted to individuals with German citizenship, and is based on the
National Health Survey. The first wave was carried out between 1984 and 1986 and
included a representative random sample of the total West German population.
In 1998, the German Federal Institute for Population Research (Bundesinstitut fir
Bevolkerungsforschung, BiB) carried out a follow-up survey among the individuals
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interviewed in the 1984/86 National Health Survey. In this second survey, the initial
questionnaires were slightly modified — e.g. purely medical details were removed
and replaced by questions on general living conditions and family situations — and
the number of respondents was restricted to those born between 1914 and 1952
(more details can be found in Gartner 2001). The LES contains demographic indi-
cators as well as information about economic and social status, social networks,
health behaviours, life attitudes and a variety of health indicators.

The western German LES sample includes a total of 4,139 women and 4,335
men. Of those, 304 women (7.3 percent) and 653 men (15.1 percent) died between
the two survey waves. For 1,047 women (25.3 percent) and 903 men (20.8 percent)
the survival status by 1998 is unknown. Tests of the quality of the LES mortality data
revealed that the reflected survival of the LES sample between 1984 and 1998 is
representative for the western German population, regardless of whether individu-
als with unknown survival status in 1998 are included or not (Luy/Di Giulio 2005;
Salzmann/Bohk 2008). As suggested by Luy and Di Giulio (2005) we excluded the
individuals with unknown survival status from the analysis. A sensitivity analysis
on the basis of the average health statuses of individuals with known and unknown
survival statuses at the time of the mortality follow-up indicates that neither the
reduced LES sample as a whole nor the small SEP subgroups (which are introduced
in more detail below) are health-biased. The differences in average health status
between individuals with known and unknown survival statuses are minor in most
subpopulations and in no case statistically significant (see Appendix, Tables A1 and
A2). Thus, we can assume that the mortality of the SEP subpopulations is also re-
flected properly in the reduced LES sample.

In the following, we illustrate how we applied the LSM to the LES data. The first
step is the calculation of the observed longitudinal survival of the survey respon-
dents. For instance, the LES sample includes 71 women who were 65 years old at
the time of the first survey, their average age being 65.4 years, thus X = 65.4. The
first wave interviews of these women took place in the year 1985.3 (on average),
and the second interviews of those who survived until wave 2 were conducted in
the year 1998.4 (on average). Thus, the observed survival time until the mortality
follow-up was 13.1 years, hence z = 13.1. During this time, 18 of the women died
and 53 survived. Applying these numbers to formula (1) indicates that

Sk (65.4,78.5) = % = 0.7465.

In total, we obtain 70 §R()_(, X + z) estimates for women and men and the single
ages 35 to 69, covering the survival rates from age 35.5 to 48.6 until age 69.6 to 82.9
among women, and from age 35.5 to 48.6 until 69.4 to 82.6 among men. For each
of these estimates, the expected longitudinal survival is determined by formula (2)
on the basis of the German cohort life tables published by the German Statistical
Office (Statistisches Bundesamt 2006). As described in section 2.1, the calculation
incorporates the observed survival times of each individual of the LES sample with
the precise ages at the beginning and at the time of the mortality follow-up, assum-
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ing for the deceased individuals the average time of the second interview as time of
mortality follow-up.

When mortality estimation is conducted with survey data such as the LES, the
sample sizes can in some cases become so small that not every single age group
contains deceased individuals. To overcome this problem, we estimated the sur-
vival rates from moving averages of 11 age groups, i.e. estimating the survival rate
for age 40 from the average of the ages 35 to 45, the survival rate for age 41 from
the average of the ages 36 to 46 and so on. Figure 1 shows the resulting §R X, X +2)
values for women and men and every single age (grey arrows) in comparison to the
corresponding expected longitudinal survivals derived from the German cohort life
tables (bold black lines).

Fig. 1: Observed and expected longitudinal survival rates for the LES sample
by single ages (11-year moving averages)
(a) Men (b) Women
Longitudinal survival rate Longitudinal survival rate
10 7 1-0 T S~ OSSN
S0\
Observed
0.9 1 0.9 | \
Expected
0.8 1 0.8 -
Expected
0.7 1 0.7 A
0.6 1 0.6 -
0.5 T T T T T T T T T 0.5 r T T T T T T T g
30 40 50 60 70 80 30 40 50 60 70 80
Age Age

Source: own calculations with LES data

The next steps of the transformation of the proportions of surviving survey re-
spondents into period survivorship estimates are performed as described in the
previous section, by applying formulas (3) and (4). We chose the year 1992 as our
reference period, as it lies between the average points in time at which the surveys
were conducted. The corresponding period survival probabilities were taken from
the official period life table 1991/93 for western Germany, published by the Ger-
man Statistical Office. This life table ends with the open age interval of 90+ years.
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We extended the life table to age 110 by applying the Kannisto model, which has
proven to be the most accurate method for extrapolating mortality at highest ages
(Thatcher et al. 1998). After smoothing the single survival functions with the Brass
logit life table model, we averaged the resulting probabilities of dying for each sin-
gle age. We used weighted averages, giving higher weights to the probabilities of
dying from survival functions being based on observations from the survey data,
and giving lower weights to those that resulted from extrapolation of survival func-
tions derived from observations of younger ages. This was done by weighting the
probabilities with the number of survivors of the corresponding survival function.

Figure 2 shows the estimated probabilities of dying, gained from the LES data,
for all women and men with the LSM in comparison to the corresponding values
of the official German life table 1991/93 for ages 40 to 90. The figure illustrates the
functionality of the method, as the estimates derived from the LES with the LSM are
very close to the values from the official German life table for the entire population.
The corresponding LE estimates for the LES sample are also close to the official
German life table, being slightly lower among men (34.5 vs. 35.2 years) and slightly
higher among women (41.1 vs. 40.7 years).

We performed the illustrated LSM estimations for each examined SEP subpopu-
lation. We used information from the LES about education, household income and

Fig. 2: Estimated probabilities of dying for ages 40 to 90 with the LSM in
comparison to the corresponding values of the official German life table
1991/93

Probability of dying (log. scale)
1 -

——Life table 1991/93
—e—LSM estimate
0.1
0.01 A
0.001
35

Age

Source: Statistical Office of Germany, own calculations with LES data
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occupation at the time of first interview in 1984/86 as indicators for individuals’
SEP. Educational attainment was grouped according to the ISCED-97 scale (United
Nations Educational Scientific and Cultural Organization 1996) into the three lev-
els of “low” (ISCED 0-2), “medium” (ISCED 3-4) and “high” (ISCED 5-6). The ISCED
combines school and vocational training degrees and is used in most international
studies. The monthly net household income was separated into quartiles. The first
quartile indicates the lowest income group (less than 895 €) while the fourth quartile
indicates the group with the highest income (1,917 € and more).

The current — or, in the case of retirement or unemployment, the last — posi-
tion on the labour market is defined on the basis of the work status as well as the
vocational class. The work status includes four main groups: manual workers, em-
ployees, public servants and self-employed workers. Each main group was further
subdivided into two or three specific work status subgroups, such as unskilled and
skilled workers or employees in simple, qualified and highly qualified tasks. The
vocational classes are recorded in the LES according to the German Classification
of Professions KIdB-92 (Statistisches Bundesamt 1992). The KIdB-92 provides a hie-
rarchical order of all professions with respect to the industrial segment with the six
main classes (i) husbandry, forestry and horticulture, (ii) mining and mineral work-
ers, (iii) production jobs, (iv) technical occupations, (v) service sector, and (vi) other
work force. Each of these main classes includes up to three sublevels of specific
professions. Because of the case numbers it was only possible to analyse the main
classes and the first sublevel. Nonetheless, the main and first level subclasses allow
us to isolate specific professions with substantial health risks, such as miners and
mineral workers, structural and civil engineers or metalworkers.

In contrast to the more common International Standard Classification of Occu-
pation (/nternational Labour Office 2012), the KIdB-92 does not define the skill level
and specification of an individual’s profession. Thus, the KIdB-92 does not present
differentiations between chief or senior positions on the one hand and workers or
clerks on the other in a specific occupational group. For instance, the jobs in the
health sector, as a subclass of the service sector, contain physicians as well as nurs-
es. As is to be expected, the number of different occupations depends on gender.
The employment rate of women — particularly for the cohorts contained in the LES
sample —is notably lower than for males, leading to less variations and smaller case
numbers in the female occupation groups.

Descriptive statistics for each of the analysed subpopulations can be found
in the Appendix (Tables A3 and A4), including the number of respondents R, the
number of deaths D, the average age at the time of first survey X, the average
survival time until the mortality follow-up z, and the entire subsamples’ survival
rate §R (x, X + z). We restricted the analysis to subpopulations with at least five ob-
served deaths and estimated 95 percent confidence intervals for LE with the meth-
od proposed by Chiang (1984). The required death numbers for each single age
were derived from applying the estimated survival functions to the number of indi-
viduals of the LES sample belonging to the particular subpopulation. The complete
life tables for each subpopulation with the corresponding confidence intervals are
available in csv-format as online supplement.
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3 Results

Table 1 presents an overview of the results for each analysed SEP subpopulation
of men, including estimates for the remaining LE at age 40 (e, ), the probability to
survive from age 40 to 65 (,,p,,), and the remaining LE at age 65 (e,). All estimates
refer to the period 1991/93. Cases in which the 95 percent confidence interval for
e,, respective e, does not include the corresponding value for the total male LES
population are marked with an asterisk. Figure 3 provides an additional visual sum-
mary for selected subpopulations by showing the differences in e, (black bars) and
€4 (White bars) to the values of the total male population (Figures 3c and 3d for the
work statuses and vocational classes include all main groups and the subgroups
with the lowest and highest values of e, and e ).

The results confirm the existence of striking differences in LE among men across
all the four analysed SEP indicators (education, household net income, work status
and vocational class). For the subpopulations with the highest and lowest LE, the
differences to the total population are statistically significant despite the low case
numbers in the LES sample (i.e. the 95 percent confidence intervals for these sub-
populations do not include the LE value for the total male population). The LE at age
40 by education level varies by 6.3 years, being 32.0 years for low, 34.0 years for
medium and 38.3 years for highly educated men. The probability of survival until
age 65 differs by 0.145 between men with a high (,,p,, = 0.870) and men with a low
level of education (,,p,, = 0.725), i.e. the proportion of 40-year-old individuals who
survive until age 65 is 14.5 percentage points higher for highly educated men than
for their counterparts with a low education. At age 65, remaining LE for men still
shows significant differences, with a gap of 3.7 years between a high (e, = 16.5)
and a low education (e, = 12.8).

Similar — but slightly smaller — differences can be seen with regard to the net
household income quartiles. The LE gap between men belonging to the first
(e,, = 31.1, e, = 12.8) and fourth quartile (e,, = 36.8, e,, = 15.6) is 5.7 years at age 40
and 2.8 years at age 65. The probabilities to survive from age 40 to age 65 are 0.838
for men in the highest and 0.697 for men in the lowest household income quatrtile.
Figures 3a and 3b reveal that the social gradient in mortality does not only affect
the individuals in the lowest and the highest SEP, but applies to all SEP groups: the
higher the SEP, the higher the LE.

The social gradient in mortality also becomes apparent when work status is
used as indicator for SEP. Among the main work status groups, manual workers
exhibit the lowest LE (e,, = 32.4, e, = 13.2), followed by public servants (e,, = 35.6,
e, = 14.8), employees (e, = 36.1, e, = 15.2) and self-employed workers (e,, = 36.6,
€., = 15.3). Thus, compared to manual workers, the surplus in LE for public servants,
employees and self-employed workers is 3.2, 3.7 and 4.2 years at age 40, and 1.6,
2.0 and 2.1 years at age 65. The corresponding differences in the probability to sur-
vive from age 40 to age 65 are 0.101, 0.088 and 0.080, respectively. The differences
in LE become larger when we consider the work status subgroups. At age 40, the
lowest LE can be found for employees in simple tasks (e,, = 30.1) and the highest LE
for self-employed farmers (e,, = 39.6), yielding an e, -difference of 9.5 years. The
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Tab. 1: Life expectancy at ages 40 (e, ) and 65 (e,,) and the survival probability

between ages 40 and 65 (,,p,,) by different indicators for SEP, Men
SEP indicator / subpopulation €, 25P40 €5
All men 345 0.789 14.2
Education according to ISCED-97"
Low (ISCED 1-2) 32.0% 0.725 12.8*
Medium (ISCED 3-4) 34.0 0.775 14.0
High (ISCED 5-6) 38.3% 0.870 16.5*
Household net income
18t quartile (below € 895) 31.1% 0.697 12.8*
2nd quartile (€ 895-1,406) 34.8 0.798 14.3
3rd quartile (€ 1,406-1,917) 35.5 0.812 14.9
4th quartile (€ 1,917 and more) 36.8*% 0.838 15.6*
Work status
Manual workers (all) 32.4% 0.737 13.2%
Unskilled or semi-skilled workers 30.4* 0.678 12.4%
Skilled workers 34.2 0.787 13.8
Master craftsmen, overseers, foremen 32.7 0.740 14.0
Employees (all) 36.1% 0.825 15.2*
Simple tasks 30.1% 0.659 12.5
Qualified tasks 35.4 0.808 14.6
Highly qualified tasks 38.3*% 0.869 16.6*
Public servants (all) 35.6 0.817 14.8
Simple or medium service 33.4 0.756 13.8
Higher or senior service 37.8* 0.867 15.9*%
Self-employed workers (all) 36.6% 0.838 15.3
Entrepreneurs 35.0 0.800 14.7
Freelancers 37.4 0.848 15.8
Farmers 39.6* 0.902 16.8*
Vocational classes according to KldB-92?
Jobs in (animal) husbandry, forestry, horticulture 33.1 0.749 14.2
Miners and mineral workers 26.2 0.541 11.5
Production jobs (all) 33.3 0.761 13.56
Metal production and metal working 34.9 0.808 14.3
Metal constr., mech. engineering and similar 31.9 0.705 13.7
Electrical engineering 33.8 0.767 13.0
Foodstuffs sector 33.7 0.762 13.7
Structural and civil engineering 30.9 0.693 13.0
Wood and plastics processing 39.6* 0.913 16.3
Painting, varnishing and similar occupations 38.2 0.864 16.6

Unskilled workers without specification 32.3 0.747 11.5
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Tab. 1: Continuation

SEP indicator / subpopulation €40 »5P40 €5

Technical occupations (all) 39.4% 0.895 16.8*
Engineering, chemistry, physics, maths 38.8% 0.871 17.1*
Technicians, technical specialists 39.6* 0.900 16.7*

Service sector (all) 35.0 0.800 14.5
Goods und service marketing 34.4 0.786 14.3
Transport industry 31.9% 0.725 13.0
Organisation, administration, clerical jobs 35.1 0.801 14.8
Public and private security sector 34.2 0.788 13.7
Health sector 38.8 0.864 17.0
Social service and education 40.6* 0.909 18.0*
Other service occupations 38.2 0.874 15.9

Other work force 32.9 0.744 141

* = statistical significant deviation from total LE, p < 0.05

1 ISCED-97 = International Standard Classification of Education

2 KIdB-92 = German Classification of Professions

Note: Estimates for the small subgroups of work statuses and vocational classes have to
be interpreted with caution. Some of them are based on very small case numbers

(see Appendix, Table A3), and the shapes of the estimated period life tables might
differ from the longitudinal survival patterns of the corresponding LES subsamples.

Source: own calculations with LES data

probabilities of surviving from age 40 to age 65 are 0.659 and 0.902 respectively,
i.e. a difference of 24.3 percentage points. At age 65, the gap in remaining LE is 4.4
years between self-employed farmers with the highest LE (e,, = 16.8) and unskilled
or semi-skilled manual workers with the lowest LE (e, = 12.4).

The largest differences in mortality and longevity can be found between the
vocational classes. Miners and mineral workers are the main class with the high-
est mortality. Their LE at age 40 is 26.2 years, and only slightly more than half of
them survive until age 65 (,,p,, = 0.541). In contrast, the technical occupations are
the main vocational class exhibiting the lowest mortality, with LE at age 40 being
39.4 years and the probability of surviving until age 65 being almost 90 percent
(,5P,, = 0.895). In between are the service sector (e,, = 35.0, ,,p,, = 0.800), pro-
duction jobs (e,, = 33.3, ,.p,, = 0.761), jobs in (animal) husbandry, forestry and
horticulture (e,, = 33.1, ,,p,, = 0.749) and the residual category “other workforce”
(e,, = 32.9, ,,p,, = 0.744). With regard to LE at age 65, we find the same order of
subgroups, with miners and mineral workers exhibiting the lowest (e,, = 11.5), and
the technical occupations the highest level of LE (e,, = 16.8).
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Fig. 3: Deviation of life expectancy at ages 40 and 65 of subpopulations
defined by specific SEP indicators from the total population, Men
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The differences become even greater when we examine the subclasses. Miners
and mineral workers remain the subgroup with the lowest LE at age 40. This voca-
tional subclass also has the lowest LE at age 65, together with unskilled workers
in production jobs, with a remaining LE of 11.5 years. However, compared to the
miners and mineral workers, the unskilled workers in production jobs have a lower
mortality at younger ages, with e,  being 32.3 years and the probability of surviv-
ing from age 40 to 65 being almost 75 percent (,,p,, = 0.747). The lowest mortality
level of all vocational subclasses can be found among men working in the social
service and education sector, including mostly school teachers, but also scientists
and social workers (e40 =40.6, e, = 18.0). Their advantage in LE compared to the
vocational subclasses with the highest mortality levels is 14.4 years at age 40 and
6.5 years at age 65. Members of the social service and education sector have a
0.909 probability of surviving from age 40 to 65.

The corresponding results for women are summarised in Table 2 and Figure 4.
Compared to men, the differences in LE and survival probabilities between ages 40
and 65 are smaller and in fewer cases statistically significantly different from the to-
tal female LES population. To facilitate the comparison of the LE differentials among
women and men, we use an identical axis scaling in Figures 3 and 4. With regard to
education and household net income, we find the same SEP gradient for women as
for men. The difference in LE between women with a high (e,, = 43.0, e, = 20.3)
and a low education (e,, = 40.7, e, = 18.3) is 2.3 years at age 40 and 2.0 years at
age 65. Differently from men, we find a larger LE span among the household net
income quartiles than across the three education groups. The differences in LE at
ages 40 and 65 between women belonging to the highest (e,, = 43.4, e, = 20.1)
and lowest household income quartiles (e,, = 39.2, e, = 17.5) are 4.2 and 2.6 years,
respectively. The corresponding spans in the probabilities to survive from age 40
to age 65 are 0.020 across the education groups and 0.063 across the household
income quartiles.

More interesting differences between women and men can be found with re-
gard to the work statuses. Across the main work status groups, manual workers
also show the lowest LE at age 40 among women (e,, = 40.2), but the group of
employees exhibits only a small advantage of 0.5 years (e,, = 40.7). The highest
LE at age 40, among the main work status groups, can be found for female pub-
lic servants (e,, = 46.7) with 6.5 years more than manual workers. Self-employed
women (e,, = 43.6) are placed between employees and public servants, with a 3.4-
year advantage to the manual workers. The same order holds for LE at age 65.
Compared to the manual workers (e,, = 17.8), the surplus of employees (e, = 18.3),
self-employed women (e, = 20.2) and public servants (e, = 22.9) is 0.5, 2.4 and
5.1 years, respectively. The highest probability of surviving from age 40 to age 65
can be found among public servants, with ,.p,, being 0.960. The lowest survival
probability is prevalent among the manual workers (,.p,, = 0.900). Employees and
self-employed women lie in between with ,.p, being 0.902 and 0.944, respectively.
Across the work status subgroups, we find the highest mortality among employees
in highly qualified tasks (e,, = 38.3, e,, = 16.5, ,,p,, = 0.866) and the lowest mortal-

ity among self-employed entrepreneurs (e,, = 49.4, e, = 24.8, ,.p,, = 0.986). The
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Tab. 2: Life expectancy at ages 40 (e, ) and 65 (e,,) and the survival probability

between ages 40 and 65 (,,p,,) by different indicators for SEP, Women

SEP indicator [ subpopulation €, 5P 40 €5

All women 41.1 0.911 18.5

Education according to ISCED-97"

Low (ISCED 1-2) 40.7 0.903 18.3

Medium (ISCED 3-4) 41.3 0.915 18.6

High (ISCED 5-6) 43.0 0.923 20.3

Household net income

18t quartile (below € 895) 39.2% 0.877 17.5%

2nd quartile (€ 895-1,406) 41.0 0.910 18.5

3rd quartile (€ 1,406-1,917) 43.1* 0.929 20.2*

4th quartile (€ 1,917 and more) 43.4* 0.940 20.1%

Work status

Manual workers (all) 40.2 0.900 17.8
Unskilled or semi-skilled workers 39.9 0.894 17.7
Skilled workers 42.2 0.939 18.6

Employees (all) 40.7 0.902 18.3
Simple tasks 39.8 0.887 17.8
Qualified tasks 42.2 0.923 19.3
Highly qualified tasks 38.3 0.866 16.5

Public servants (all) 46.7* 0.960 22.9*
Simple or medium service 40.2 0.864 19.1

Self-employed workers (all) 43.6* 0.944 20.2%
Entrepreneurs 49.4* 0.986 24.8*
Farmers 39.1 0.867 17.8

Vocational classes according to KldB-92?

Production jobs (all) 40.7 0.893 18.7
Textile sector 41.5 0.901 19.4
Foodstuffs sector 41.6 0.898 19.6
Unskilled workers without specification 37.9 0.842 17.3

Technical occupations (all) 42.6 0.917 19.8

Service sector (all) 41.4 0.916 18.7
Goods und service marketing 41.9 0.924 18.9
Transport industry 41.0 0.914 17.9
Organisation, administration, clerical jobs 41.6 0.917 18.8
Health sector 39.3 0.875 17.7
Social service and education 45.1* 0.939 22.1*
Other service occupations 40.5 0.904 17.9

Other work force 38.0 0.875 15.5

* = statistical significant deviation from total LE, p < 0.05

' ISCED-97 = International Standard Classification of Education

2 KIdB-92 = German Classification of Professions

Note: Estimates for the small subgroups of work statuses and vocational classes have to
be interpreted with caution. Some of them are based on very small case numbers
(see Appendix, Table A4), and the shapes of the estimated period life tables might
differ from the longitudinal survival patterns of the corresponding LES subsamples.

Source: own calculations with LES data
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Fig. 4: Deviation of life expectancy at ages 40 and 65 of subpopulations
defined by specific SEP indicators from the total population, Women
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corresponding differences are 11.1 years in LE at age 40, 8.3 years in LE at age 65,
and 0.120 in survival probability between ages 40 and 65.

Across the main vocational classes with sufficient case numbers for analysis,
we find the same order as among men. The technical occupations have the highest
LE (e,, = 42.6, e,, = 19.8), the residual category “other workforce” has the lowest
(e,, = 38.0, e, = 15.5). The LE gaps are 4.6 years at age 40 and 4.3 years at age 65.
The corresponding survival probabilities from age 40 to age 65 are 0.917 and 0.875,
respectively. In between these, we find the production jobs (e,, = 40.7, e,, = 18.7,
5P, = 0.893) and the service sector (e,, = 41.4, e, = 18.7, ,.p,, = 0.916). As for male
workers, the vocational subclass with the lowest mortality is the social service and
education sector. The surplus in LE compared to the vocational subclasses with the
highest mortality levels is 7.2 years in e,, (unskilled workers in production jobs and
other work force), 6.6 years in e, (other work force), and 0.097 in the probability of
surviving from age 40 to 65 (unskilled workers in production jobs).

Figure b depicts the overall range of survival differences by showing the sur-
vival functions for the subgroups of men and women with the lowest and highest
mortality levels, together with the corresponding total populations. Among men,
these are the vocational subclasses “miners and mineral workers” and “social ser-
vice and education”, among women the vocational subclass “unskilled workers in
production jobs” and the work status subgroup “self-employed entrepreneurs”. The
graphs illustrate the substantial survival differences between the displayed popula-

Fig. 5: Survival functions for the male and female subpopulations with lowest
and highest life expectancy in comparison to the male and female total
populations
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tion subgroups. For instance, age 65 is reached by 90.9 percent of the 40-year-old
men working in the social service and education sector, but only by 54.1 percent of
miners and mineral workers, a difference of 36.8 percentage points (see the cross-
ings of the survival functions with the vertical dotted line in Fig. 3a). Among the dis-
played female subpopulations, the corresponding percentages are 98.6 for self-em-
ployed entrepreneurs and 84.2 for unskilled workers in production jobs, resulting in
a difference of 14.4 percentage points. Also, the vertical dotted lines indicating the
median of the survival functions reveal the extent of the survival differences. The
age to which 50 percent of the initial 40-year-old individuals survive is 82.5 among
the men working in the social service and education sector, but only 66.6 among
miners and mineral workers. This leads to a difference in the median survival age
of 15.9 years. For women, the corresponding ages are 90.6 for self-employed entre-
preneurs and 80.6 for unskilled workers in production jobs, yielding a difference in
the median survival age of 10.0 years.

4 Summary and discussion
41 Method

The estimation of LE for specific subpopulations and the differentials between them
is a common problem for demographers because official population statistics usu-
ally do not include the required detailed data on deaths and the population at risk.
A few countries — for instance Austria, Belgium, the Netherlands, Switzerland, the
United Kingdom and the Scandinavian countries — link their death registries with
their census data, population registers or other registers. This enables research-
ers to construct life tables for specific subpopulations, which can be identified on
the basis of the variables covered in the registries or censuses. For most popula-
tions, however, such data do not exist, or the information of interest is not included
in the registers. Therefore, longitudinal survey data with registration of deceased
participants or mortality follow-ups must be used to derive the desired estimates.
The case numbers of these data sources are in most cases too small to derive age-
specific death rates, even for the larger subpopulations, what prohibits the use of
classic life table techniques. Some scholars have employed different approaches
to estimate LE on the basis of longitudinal survey data, including proportional haz-
ards models (L/ et al. 2014; Reuser et al. 2008; Reuser et al. 2009; Reuser et al.
2011), Bayesian Markov chain Monte Carlo methods (Lynch/Brown 2005), multi-state
Markov models (Majer et al. 2011; Matthews et al. 2009), hidden Markov models
(Van Den Hout et al. 2009) and the so-called “population attributable fraction” PAF
(Preston/Stokes 2011). These approaches combine sophisticated statistical meth-
ods with more classic (life table) techniques, resulting in particular statistical prop-
erties and data requirements.

In this paper, we developed an alternative but comparatively simple demographic
approach for deriving life tables from survey data with a mortality follow-up. We
refer to the method as the “Longitudinal Survival Method” (LSM) because it is based
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on longitudinal survival experiences of survey respondents, which are then trans-
formed into a period life table. The transformation procedure of the LSM is basically
a direct adoption of the transformation formula of the indirect Modified Orphan-
hood Method developed by Luy (2012). The differences are (i) that the observed
life spans of respondents between the time of the survey and the time of the mor-
tality follow-up can be used with their exact ages, times and lengths, (ii) that the
transformation of the survival rates to a default age is not necessary, and (iii) that
the reference period for the life table must not be estimated to a time some years
before the survey, but can be determined directly to a time between the survey and
the mortality follow-up.

The applicability of the LSM is not restricted to the LES data used in this study.
The method can be applied to all surveys with a mortality follow-up, such as SOEP,
MONICA/KORA or SHARE. The LSM requires only three kinds of information for
each age group x of the survey population (with x including single ages from x to
x+1 or, if necessary, broader age intervals e.g. from x to x+5) and one assumption:

* The observed longitudinal survival of the survey respondents §R (X, X +2z),
i.e. the proportion of individuals aged x at the time of the survey who sur-
vived until age x+z at the time of mortality follow-up,

e the expected longitudinal survival of these survey respondents from age x
to X + z, derived from cohort life tables,

e the corresponding period survival for the same age interval x to x +z, de-
rived from the reference period life table, and,

e the assumption that the relationship between cohort and period survival
prevalent in the entire population applies equivalently to each subpopula-
tion.

The specific strengths of the LSM include the low demand on data (e.g. no infor-
mation on the date of deaths and the age at which they occur is necessary, no spe-
cific statistical distributions of deaths need to be assumed), its simple applicability,
and the estimation of a set of age-specific probabilities of dying. Consequently, the
LSM is not based on the assumption of constant relative risks, but yields age-spe-
cific mortality patterns for every subpopulation. The different age patterns in the es-
timates become apparent from the varying orders of the subpopulations’ mortality
levels according to the used indicators e, ,,p,, and e, e.g. across the vocational
subclasses among men. Another strength of the LSM is that it includes a strong lon-
gitudinal component, which makes the estimated differences in period LE between
subpopulations less susceptible to distortions caused by period tempo effects (see
Luy 2010b). Moreover, when a constancy of the subpopulations’ age patterns of
mortality and relative differences to the total population can be assumed, the LSM
can also be used to produce estimates for other periods by varying the reference
life table for the transformation. This can be particularly valuable when the life table
for a specific subpopulation produced with the LSM is to be employed for estimat-
ing Healthy LE with the basic health information stemming from data for a different
period. Finally, the LSM can be used to estimate life tables for any subpopulation
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that can be identified in the underlying data, even when the case numbers are ex-
tremely low.

4.2 Results

Lifetime inequalities by SEP are an important topic not only for mortality research-
ers, but also for policy-makers, physicians, public health workers and the general
population. Several German books have been dedicated to this subject, with (trans-
lated) titles such as “If you are poor, you have to die earlier” (Oppolzer 1986), “Social
inequality before death” (Ritz 1992; Spree 1981) or “Must poor people die earlier?”
(Helmert et al. 2000). Mortality differences by occupation already sparked inter-
est in the 19" and early 20™ centuries (Prinzing 1931; Westergaard 1882). However,
these publications only included relative risks for specific subgroups defined by
occupation or work status, as also the most recent studies on this topic do (He/mert
2000; Linke 1990). As already described in the introduction, the situation is simi-
lar with regard to the other indicators of SEP, and no comprehensive overview of
the variation of LE by SEP in the German population exists. The central aim of this
paper was therefore to bridge this gap of knowledge by producing corresponding
estimates for the SEP dimensions of education, income and occupation. We found
clear evidence for social disparities in mortality for all SEP dimensions that we con-
sidered. In the following, we summarise the estimated ranges of longevity among
the analysed SEP indicators, i.e. the differences between the subgroups with the
highest and lowest mortality levels.

According to our estimations for the period 1991/93, based on data of the Ger-
man LES, LE at age 40 for men ranges by 6.3 years between individuals with a low
and a high education, 5.7 years between the lowest and highest household income
quartiles, 4.2 years across the main work statuses, and 13.2 years across the main
vocational classes. The maximum difference across all analysed male SEP subpop-
ulations is 14.4 years between miners and men working in the social service sector.
The proportion of those who reach the classic pension age of 65 years also varies
considerably. The spans in percentage points are 14.5 with regard to the education
level, 14.1 with regard to household income, 10.1 with regard to the main work sta-
tus, and 35.4 with regard to the main vocational class. The difference between the
subpopulations with the highest and lowest survival probabilities until age 65 is 36.8
percentage points, referring again to miners and men working in the social service
sector. Significant differences are even prevalent in the remaining LE at this classic
pension age. The ranges in LE at age 65 are 3.7 years for education, 2.8 years for
household income, 2.1 years for the main work status, and 5.3 years for the main
vocational class. The maximum range in LE at age 65 across all SEP subgroups is 6.5
years between miners and unskilled workers in production jobs on the one hand,
and the social service sector on the other.

The corresponding differences among women are smaller, but nonetheless no-
table. At age 40, LE varies 2.3 years by education level, 4.2 years by household
income, 6.5 years by main work status, and 4.6 years by main vocational class. The
maximum difference across all analysed female SEP subpopulations is 11.5 years,
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between self-employed entrepreneurs and unskilled workers in production jobs.
Due to the generally lower mortality of women in middle ages, the differences in
survival until age 65 are less distinct than among men. The proportions of 40-year-
old women reaching age 65 vary by 2.0 percentage points by education, 6.3 by
household income, 6.0 by main work status, and 4.2 by main vocational class. The
largest difference between the two mentioned subgroups with minimum and maxi-
mum mortality levels is 14.4 percentage points. As another consequence of the
relatively low female mortality between ages 40 and 65, the variations in LE at age
65 do not differ considerably from those at age 40. With regard to education, LE at
age 65 varies by 2.0 years, 2.6 years by household income, 5.1 years by main work
status, and 4.3 years by main vocational class. The maximum difference in LE at
age 65 across all analysed female SEP subpopulations is 9.3 years between the self-
employed entrepreneurs and the main vocational class “other work force”.

We are confident that these results are reliable — at least for the main SEP sub-
groups - for four reasons:

* the LES data is representative for the total population of western Germany,

* the mortality follow-up of the LES is representative for the total population
of western Germany (and our sensitivity analysis suggests that this is likely
to also hold true for the LES subpopulations),

* subgroup-specific age patterns of mortality are taken into account, and

* our estimates for LE differentials by education level are similar to corre-
sponding data for the neighbouring countries.

The last point is an especially strong indicator of the results’ validity. Calcula-
tions for Austria on the basis of Austrian census data with one-year mortality follow-
ups published by Statistics Austria provide differences in LE (at age 35) between
the same ISCED levels of high and low education of 6.1 years among men and 3.3
years among women, averaged for the years 1981-2001 (K/otz/Asamer 2014). Cor-
responding estimates for the German-speaking part of Switzerland on the basis of
the Swiss National Cohort (a linkage of the 1990 census with death certificate data
registered between 1990 and 1997) reveal a difference in LE at age 40 of 6.3 years
among men and 3.3 years among women (Spoerri et al. 2006). Thus, our estimates
for the German population provide an almost identical education-specific difference
in LE among men and a gap approximately one year smaller among women.

Similar LE differentials for education among men in the period between 1980
and 2000 can be found, for instance, in the Czech Republic (Shko/nikov et al. 2006),
Finland (Shkolnikov et al. 2006; Valkonen et al. 1993; Valkonen et al. 1997) and
among the white US population (Crimmins/Saito 2001; Meara et al. 2008). Slightly
smaller differences (of about five years) are reported for Belgium (Deboosere et
al. 2009), Denmark (Brennum-Hansen/Baadsgaard 2012) and Lithuania (Kalediene/
Petrauskiene 2000). Considerably larger differentials are prevalent in Russia and Es-
tonia, with a LE difference at young adulthood of more than ten years (Shkolnikov et
al. 2006). In general, the same regional differences can be found among the female
populations. According to our estimates, however, German women are closer to
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the populations with smaller education-specific differences in LE, such as Denmark
and Lithuania, whereas the female Belgian population is — according to the estima-
tions of Deboosere et al. (2009) — closer to the populations with medium-sized dif-
ferentials (Austria, Czech Republic, Finland, the white US population, Switzerland).
Also among women, Russia and Estonia exhibit significantly larger inequalities in LE
by education level. Our results for income and occupation are in line with findings
for other populations as well, for instance with regard to the order of professions’
or work status groups’ LE levels and the generally larger differentials among men
(see e.g. Brgnnum-Hansen 2000; Burstrém et al. 2005; Hattersley 1999; Valkonen et
al. 1993). Nonetheless, the estimates for subclasses have to be interpreted with cau-
tion. Some of them are based on very small case numbers. Although the estimated
LE values reflect the observed average survival time of the LES subsamples, it can
happen that the shape of the estimated period life table differs from the longitudinal
survival pattern. This holds true, for instance, for the male workers in wood and
plastics processing and in painting, varnishing and similar occupations.

Our results for the German population imply that the variations in survival and
longevity are much larger with respect to occupation than with respect to educa-
tion and household income. The spans are more than double among men and ap-
proximately tripled among women. This is due to the fact that the subpopulations
defined by specific occupations are more selected than those defined by education
and income. When assessing these differences from an analytical point of view, it
is also important to note that our estimates are based on empirical life tables — thus
reflecting the actual mortality of the survey sample — and not on theoretical ones.
The former can include a 100 percent survival rate for some ages when no case of
death is observed, while a theoretical life table never features a zero percent prob-
ability of dying. Among the subpopulations analysed in our study, this is the case
among female self-employed entrepreneurs between ages 40 and 56, for instance
(see Fig. bb). Nonetheless, the specifics of the resulting survival curve are not as
unrealistic as they might seem at first glance. The survivorship function tells us
that almost all (98.6 percent) female self-employed entrepreneurs reach age 65, and
that approximately one in ten (10.8 percent) reaches age 100. Although this survival
curve might look exceptional, these figures are not totally impossible.

Another fact to keep in mind is that the presented estimates refer to the early
1990s, and are thus not fully reflective of current developments. However, changes
in mortality — especially the relative differences between subpopulations — do not
occur very suddenly. This is confirmed by the trends of LE by education level in
Austria from 1981 to 2011, where only minor variations took place over time, with
the tendency of a slight increase among men and a small decrease among women
(Klotz/Asamer 2014). Unger and Schulze (2013) draw a similar picture for the Ger-
man population in their analysis of education-specific differentials in LE, which did
not change between 1989 and 2009 for either sex. Thus, it is likely that the currently
prevalent SEP-specific differences in LE among German women and men are close
to those presented in this paper.

Finally, it is important to note that this paper was neither intended to analyse
the causal mechanisms behind the SEP-specific differences in LE, nor did we aim



422 + Marc Luy, Christian Wegner-Siegmundt, Angela Wiedemann, Jeroen Spijker

at contributing to the question of which dimension of SEP affects the mortality dif-
ferentials among the others. Obviously, the different dimensions of SEP are inter-
related, but they still have independent effects on mortality (Geyer/Peter 2000). The
network of interrelations and causal factors is very complex (see e.g. Schneider
2008; Spijker 2004) and it is possible that the so-called “status syndrome” is only
driven by the factors education, income and occupation to a minor extent, but is
instead rooted in an overarching mechanism determined by socially-produced hier-
archical differences in individuals” autonomy and opportunities for social participa-
tion (Marmot 2004). All these questions are still unanswered, and more research is
necessary to provide decisive knowledge for developing appropriate strategies for
reducing the existing inequalities in LE.

5 Conclusions

The LSM provides improved estimates for differentials in LE of subgroups on the
basis of survey data with a mortality follow-up. The particular strength of the LSM
is the incorporation of age-specific mortality patterns for each subpopulation. The
only necessary assumption is that the relationship between cohort and period sur-
vival prevalent in the entire population applies equivalently to each subpopulation.
Application of the LSM can be extended to estimate cohort life tables as well as
multi-state life tables, and it enables researchers to produce estimates even for
subpopulations with extremely low case numbers. However, the quality of the data
must always be taken into account. If the mortality follow-up is not representative
of the population’s mortality, no valid estimates can be derived with the LSM (or any
other method). Thus, our assessment is in line with Charafeddine et al. (2014), who
concluded in their comparative analysis of Healthy LE estimated with Belgium’s
census and survey data including a mortality follow-up that the latter is a useful and
valid data source in the absence of population-wide data when it is of good quality.

This paper illustrates the variation of LE in Germany by SEP. No information
about causality can be extracted from these results, and it has to be kept in mind
that the estimates are derived in a cross-sectional setting which does not necessar-
ily reflect the factual longitudinal survival. Nonetheless, the results of this study are
useful for all researchers, policy-makers and other parties interested in the extent
of differences in lifetime by SEP across the German population. In particular, the
presented figures provide an interesting subject of discussion for the ongoing de-
bate about the implementation of an increasing pension age, which is considered
to be necessary by many scholars in order to reduce the consequences of the de-
mographic change (for a special focus on the German population see e.g. Birg 2001;
Schimany 2003; Schmid et al. 2000). Moreover, the results presented in this study
provide doctors, scientists and public health workers with insights into the most
disadvantaged SEP subpopulations and the potential extent of their disadvantages
in both longevity and mortality.
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Appendix

Tab. A1: Average health status at the time of first survey of respondents with
known and unknown survival status at the time of mortality follow-up
(second survey) and unknown-known health status ratio of average
health statuses for all analysed subsamples, Men

SEP indicator | subpopulation Survival status Unknown-
Known Unknown known ratio

All men 2.67 2.66 0.99
Education according to ISCED-97"
Low (ISCED 1-2) 2.94 2.95 1.00
Medium (ISCED 3-4) 2.70 2.69 1.00
High (ISCED 5-6) 2.46 2.38 0.97
Household net income
18t quartile (below € 895) 2.85 2.85 1.00
2nd quartile (€ 895-1,406) 2.73 2.68 0.98
3rd quartile (€ 1,406-1,917) 2.63 2.70 1.03
4th quartile (€ 1,917 and more) 2.48 2.41 0.97
Work status
Manual workers (all) 2.85 2.79 0.98
Unskilled or semi-skilled workers 2.95 2.95 1.00
Skilled workers 2.82 2.72 0.96
Master craftsmen, overseers, foremen 2.67 2.42 0.91
Employees (all) 2.60 2.51 0.96
Simple tasks 3.12 2.90 0.93
Qualified tasks 2.67 2.68 1.00
Highly qualified tasks 2.47 2.30 0.93
Public servants (all) 2.50 2.56 1.02
Simple or medium service 2.60 2.39 0.92
Higher or senior service 2.40 2.61 1.09
Self-employed workers (all) 2.57 2.57 1.00
Entrepreneurs 2.66 2.67 1.01
Freelancers 2.45 217 0.89
Farmers 2.49 2.57 1.03
Vocational classes acc. to KIdB-92 (Germany}2
Jobs in (animal) husbandry, forestry, horticulture 2.62 2.62 1.00
Miners and mineral workers 3.51 4.06 1.16
Production jobs (all) 2.80 2.76 0.98
Metal production and metal working 2.76 2.76 1.00
Metal constr., mech. engineering and similar 2.66 2.68 1.01

Electrical engineering 2.74 2.61 0.95




430 e+ Marc Luy, Christian Wegner-Siegmundt, Angela Wiedemann, Jeroen Spijker

Tab. A1: Continuation

SEP indicator / subpopulation Survival status Unknown-
Known Unknown known ratio

Textile sector 3.28 2.71 0.83
Foodstuffs sector 2.70 2.53 0.94
Structural and civil engineering 2.96 2.40 0.81
Wood and plastics processing 2.86 2.94 1.03
Painting, varnishing and similar occupations 2.60 2.60 1.00
Unskilled workers without specification 2.96 3.1 1.05
Technical occupations (all) 2.50 2.49 1.00
Engineering, chemistry, physics, maths 2.44 2.23 0.92
Technicians, technical specialists 2.55 2.56 1.00
Service sector (all) 2.61 2.62 1.00
Goods und service marketing 2.69 2.59 0.96
Transport industry 2.77 2.63 0.95
Organisation, administration, clerical jobs 2.57 2.54 0.99
Public and private security sector 2.53 2.40 0.95
Health sector 2.35 2.23 0.95
Social service and education 2.45 2.77 1.13
Other service occupations 2.60 2.71 1.04
Other work force 2.94 3.35 1.14

Notes: Health status is measured by means of self-perceived health (“How is your
health in general?” Very good=1/good=2/ satisfactory=3/ not so good=4/ poor=5);
Average health statuses are age standardized with the total male LES population in
5-year age groups as standard (known + unknown survival status); Subpopulations
with case numbers of five or less among individuals with known or unknown survival
status are marked in italic; None of the differences in average health status between
individuals with known and unknown survival status at the time of mortality follow-up
is statistically significant (95 percent confidence level); Figures exclude LES participants
below age 33 at the time of the first survey.

1 ISCED-97 = International Standard Classification of Education
2 KIdB-92 = German Classification of Professions

Source: own calculations with LES data
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Tab. A2: Average health status at the time of first survey of respondents with
known and unknown survival status at the time of mortality follow-up
(second survey) and unknown-known health status ratio of average
health statuses for all analysed subsamples, Women

SEP indicator / subpopulation Survival status Unknown-
Known Unknown known ratio

All women 2.78 2.82 1.01
Education according to ISCED-97"
Low (ISCED 1-2) 2.86 2.88 1.01
Medium (ISCED 3-4) 2.76 2.81 1.02
High (ISCED 5-6) 2.53 2.39 0.94
Household net income
18t quartile (below € 895) 2.91 2.86 0.98
2nd quartile (€ 895-1,406) 2.85 2.84 1.00
3rd quartile (€ 1,406-1,917) 2.78 2.92 1.05
4th quartile (€ 1,917 and more) 2.60 2.60 1.00
Work status
Manual workers (all) 2.90 2.93 1.01
Unskilled or semi-skilled workers 2.91 2.92 1.00
Skilled workers 2.88 2.92 1.02
Master craftsmen, overseers, foremen 2.71 2.70 1.00
Employees (all) 2.71 2.72 1.00
Simple tasks 2.80 2.75 0.98
Qualified tasks 2.63 2.66 1.01
Highly qualified tasks 2.66 2.61 0.98
Public servants (all) 2.71 2.38 0.88
Simple or medium service 2.77 2.40 0.87
Higher or senior service 2.54 2.24 0.88
Self-employed workers (all) 2.81 2.83 1.01
Entrepreneurs 2.67 2.73 1.02
Freelancers 2.60 2.91 1.12
Farmers 3.20 3.05 0.96
Vocational classes acc. to KIdB-92 (Germany}2
Jobs in (animal) husbandry, forestry, horticulture 2.79 3.05 1.10
Miners and mineral workers 3.00 2.00 0.67
Production jobs (all) 2.88 2.89 1.00
Metal production and metal working 3.710 3.00 0.97
Metal constr., mech. engineering and similar 3.02 3.36 1.1

Electrical engineering 2.19 3.80 1.74
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Tab. A2: Continuation

SEP indicator / subpopulation Survival status Unknown-
Known Unknown known ratio

Textile sector 2.83 2.74 0.97
Foodstuffs sector 2.79 2.97 1.07
Structural and civil engineering --- 3.00 ---
Wood and plastics processing 3.00 5.00 1.67
Painting, varnishing and similar occupations 3.68 --- ---
Unskilled workers without specification 2.87 2.95 1.03
Technical occupations (all) 2.63 1.86 0.71
Engineering, chemistry, physics, maths 2.35 --- ---
Technicians, technical specialists 2.65 1.86 0.70
Service sector (all) 2.74 2.76 1.01
Goods und service marketing 2.81 2.81 1.00
Transport industry 2.76 2.72 0.98
Organisation, administration, clerical jobs 2.71 2.70 1.00
Public and private security sector 2.79 2.66 0.95
Health sector 2.58 2.57 1.00
Social service and education 2.66 2.52 0.95
Other service occupations 2.83 2.85 1.00
Other work force 2.74 2.68 0.98

Notes: Health status is measured by means of self-perceived health (“How is your health
in general?” Very good=1/good=2/ satisfactory=3/ not so good=4/ poor=5); Average
health statuses are age standardized with the total female LES population in 5-year age
groups as standard (known + unknown survival status); Subpopulations with case num-
bers of five or less among individuals with known or unknown survival status are marked
in italic; None of the differences in average health status between individuals with known
and unknown survival status at the time of mortality follow-up is statistically significant
(95 percent confidence level); Figures exclude LES participants below age 33 at the time
of the first survey.

1 ISCED-97 = International Standard Classification of Education
2 KIdB-92 = German Classification of Professions

Source: own calculations with LES data
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Tab. A3: Number of respondents R, number of deaths D, average age at the time
of first survey X, average survival time z until the mortality follow-up,
and respondents’ survival rate Sg (X, X + z)for the total subsamples,

Men
SEP indicator / subpopulation R D X z Sk
All men 3,364 651 50.03 13.11 0.8065
Education according to ISCED-971
Low (ISCED 1-2) 448 123 52.51 13.09 0.7254
Medium (ISCED 3-4) 2,165 442 50.21 13.12 0.7958
High (ISCED 5-6) 748 85 48.01 13.08 0.8864
Household net income
18t quartile (below € 895) 747 232 52.86 13.12 0.6894
2nd quartile (€ 895-1,406) 1,091 196 49.63 13.13 0.8203
3rd quartile (€ 1,406-1,917) 744 115 48.52 13.06 0.8454
4th quartile (€ 1,917 and more) 692 89 49.16 13.10 0.8714
Work status
Manual workers (all) 1,282 305 50.31 13.11 0.7621
Unskilled or semi-skilled workers 471 139 51.69 13.12 0.7049
Skilled workers 558 110 49.03 13.12 0.8029
Master craftsmen, overseers, foremen 253 56 50.60 13.06 0.7787
Employees (all) 1,121 168 49.34 13.10 0.8501
Simple tasks 104 30 51.40 13.06 0.7115
Qualified tasks 459 70 48.60 13.15 0.8475
Highly qualified tasks 558 68 49.57 13.07 0.8781
Public servants (all) 392 73 51.25 13.09 0.8138
Simple or medium service 218 46 50.40 13.13 0.7890
Higher or senior service 277 35 48.60 13.14 0.8736
Self-employed workers (all) 495 81 49.39 13.14 0.8364
Entrepreneurs 185 41 51.70 13.08 0.7784
Freelancers 109 17 50.22 13.02 0.8440
Farmers 93 14 51.37 13.17 0.8495

Vocational classes acc. to KIdB-92 (Germany)?
Jobs in (animal) husbandry, forestry, horticulture 126 27 50.48 13.17 0.7857

Miners and mineral workers 26 11 55.35 13.22 0.5769
Production jobs (all) 996 216 49.86 13.11 0.7831
Metal production and metal working 73 14 49.21 13.09 0.8082
Metal constr., mech. engineering and similar 277 57 48.53 13.12 0.7942

Electrical engineering 84 16 46.40 13.06 0.8095
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Tab. A3: Continuation

SEP indicator / subpopulation R D X z Sg
Textile sector 14 3 54.36 13.07 0.7857
Foodstuffs sector 44 8 49.09 13.09 0.8182
Structural and civil engineering 126 33 50.76 13.13 0.7381
Wood and plastics processing 51 14 55.78 13.04 0.7255
Painting, varnishing and similar occupations 47 8 49.11 13.11 0.8298
Unskilled workers without specification 61 21 53.13 13.13 0.6557

Technical occupations (all) 364 40 49.49 13.14 0.8901
Engineering, chemistry, physics, maths 146 16 50.16 13.17 0.8904
Technicians, technical specialists 218 24 49.05 13.12 0.8899

Service sector (all) 1,663 277 49.57 13.11 0.8216
Goods und service marketing 294 54 49.33 13.06 0.8163
Transport industry 258 63 50.09 13.13 0.7558
Organisation, administration, clerical jobs 563 100 50.16 13.13 0.8224
Public and private security sector 160 35 49.97 1313 0.7813
Health sector 46 5 4917 13.16 0.8913
Social service and education 159 12 46.61 13.09 0.9245
Other service occupations 39 6 50.51 12.97 0.8462

Other work force 71 15 50.28 12.94 0.7887

Note: Figures exclude LES participants below age 33 at the time of first survey.

1 ISCED-97 = International Standard Classification of Education
2 KIdB-92 = German Classification of Professions

Source: own calculations with LES data
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Tab. A4: Number of respondents R, number of deaths D, average age at the time
of first survey X, average survival time Z until the mortality follow-up,
and respondents’ survival rate Sg (X, X + z)for the total subsamples,

Women
SEP indicator | subpopulation R D X z Sk
All women 3,044 304 50.05 13.11 0.9001
Education according to ISCED-97"
Low (ISCED 1-2) 1,215 146 52.46 13.13 0.8798
Medium (ISCED 3-4) 1,630 150 48.78 13.10 0.9080
High (ISCED 5-6) 196 8 45.45 13.15 0.9592
Household net income
18t quartile (below € 895) 867 142 54.32 13.12 0.8362
2nd quartile (€ 895-1,406) 930 93 49.45 13.13 0.9000
3rd quartile (€ 1,406-1,917) 599 29 47.06 13.09 0.9516
4th quartile (€ 1,917 and more) 528 25 47.31 13.09 0.9527
Work status
Manual workers (all) 842 96 50.27 13.13 0.8860
Unskilled or semi-skilled workers 726 83 50.39 13.12 0.8857
Skilled workers 108 13 49.18 13.18 0.8796
Master craftsmen, overseers, foremen 8 0 53.88 13.41 1.0000
Employees (all) 1,348 119 48.59 13.09 0.9117
Simple tasks 626 67 49.61 13.12 0.8930
Qualified tasks 616 42 47.96 13.06 0.9318
Highly qualified tasks 106 10 46.20 13.07 0.9057
Public servants (all) 259 24 51.31 1313 0.9073
Simple or medium service 35 5 50.09 13.14 0.8571
Higher or senior service 87 0 42.40 13.14 1.0000
Self-employed workers (all) 122 5 44.61 13.14 0.9590
Entrepreneurs 83 6 50.73 13.14 0.9277
Freelancers 27 1 46.56 13.13 0.9630
Farmers 61 9 b55.16 13.13 0.8525
Vocational classes acc. to KIdB-92 (Germany}2
Jobs in (animal) husbandry, forestry, horticulture 60 4 50.77 13.23 0.9333
Miners and mineral workers 1 0 56.00 12.21 1.0000
Production jobs (all) 387 41 50.94 13.17 0.8941

48.40 13.13 1.0000
48.29 13.15 0.8571
57.20 13.23 0.4000

Metal production and metal working
Metal constr., mech. engineering and similar
Electrical engineering

(62 BN |
w —= O
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Tab. A4: Continuation

SEP indicator | subpopulation R D X z Sk
Textile sector 136 14 51.72 13.11 0.8971
Foodstuffs sector 34 2 49.74 13.24 0.9412
Structural and civil engineering 0 0
Wood and plastics processing 1 0 62.00 13.19 1.0000
Painting, varnishing and similar occupations 3 0 46.00 13.49 1.0000
Unskilled workers without specification 96 13 49.54 13.22 0.8646

Technical occupations (all) 56 5 49.88 12.92 0.9107
Engineering, chemistry, physics, maths 5 2 53.00 12.56 0.6000
Technicians, technical specialists 51 3 49.57 12.95 0.9412

Service sector (all) 1,879 157 48.21 13.11 0.9164
Goods und service marketing 390 32 48.17 13.14 0.9179
Transport industry 67 7 48.30 13.17 0.8955
Organisation, administration, clerical jobs 709 56 48.26 13.08 0.9210
Public and private security sector 14 2 49.93 13.14 0.8571
Health sector 145 13 46.63 13.04 0.9103
Social service and education 172 6 45.56 13.13 0.9651
Other service occupations 358 41 49.85 13.15 0.8855

Other work force 43 8 50.72 12.98 0.8140

Note: Figures exclude LES participants below age 33 at the time of the first survey.

1 ISCED-97 = International Standard Classification of Education
2 KIdB-92 = German Classification of Professions

Source: own calculations with LES data
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