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Foreword by M. Harvey Brenner

During the past several decades, the attempt by sci-
entists to understand differences in the length of life
of individual persons has been encompassed in the
field of epidemiology. Epidemiology brings together
the disciplines of medicine and biostatistics through
which risk and benefit factors of individual biology and
psychology, the chemical environment, diet, addictive
substances, kinetics, working conditions, social rela-
tions and many other factors have been shown related
to the differentiation of why some individuals have a
longer life span than others. The most powerful find-
ing in the field of epidemiology is that socioeconomic
status is a primary predictor of length of life.

More recently, it has begun to be understood that
national, regional, and specific urban factors - factors
that exist above the individual level of analysis - are
also highly potent causes and predictors of life expec-
tation. These include not only such factors as national
and regional income and wealth (GDP) per capita and
unemployment but the complex of industries that
distinguish large ecological areas. Obviously, in the
light of modern economic restructuring in industrial-
ized countries, globalization of industries, unemploy-
ment and the international recession, it has become
extremely important to understand differential life
expectancy from macroeconomic, industrial and labor
market perspectives.

From this point of view Glinter Edenharter and his
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associates recognized the need to construct life tables
for regions of Germany. The tables can be used to study
geographic units as small as minor urban agglomera-
tions and as large as distinctions of (the former) “West”
and “East” Germany. These regional life tables are es-
pecially suitable for examination of the impact of the
economy, at different levels of life expectation patterns
of increasingly smaller units. The construction of such
life tables for Germany has demonstrated the feasibil-
ity of developing similar demographic descriptors for
other European countries in the near future.

The particular motivation of the authors to deal in
depth with regional life table analysis for Germany as
outlined above arose from the needs of Germany'’s
largest longitudinal patient registry, QuaSi-Niere. This
registry had collected data on patients in renal replace-
ment therapy from the year 1995 to 2006. The registry
disseminated the results of their analysis to patients,
doctors and health institutions. Their aim was to set up
a database that would allow them a better understand-
ing of patients’ regional mortality patterns in the light
of the regional life expectancy of the general popula-
tion. In this way their intention was to illuminate em-
pirically the complex hierarchical pathways in which
factors that influence general life expectancy e.g. at the
macro level also determine mortality on the micro or
patient level. The evidence that could arise from such
an analysis can provide important insights for modern
health service research.

Life expectancies are in long term use, e.g. by WHO,
to describe and analyze health systems at an interna-
tional level. The further development of these tech-
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niques and their application at regional levels seems
promising. The publication of this document can be
regarded as an important initial step in this direction.

Prof. Dr. M. Harvey Brenner

University of North Texas Health Science Center,

Johns Hopkins University
Bloomberg School of Public Health,

Berlin University of Technology
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1 Introduction

Life expectancy at birth or at a higher age, e.g. at age
65, is an important population based health outcome
indicator. Based on a standardized life table technique,
estimates of life expectancy facilitate regional and tem-
poral comparisons of the fundamental characteristics
of health related quality of life.

The authors’ interest in regional life table analysis
for Germany was mainly stimulated by their common
epidemiological work for the German Renal Registry
(QuaSi-Niere gGmbH, Berlin). Regional aspects of dis-
ease and influencing factors not only at an individual
but also at an aggregated level became the focus of
their attention. The German Renal Registry was set up
in 1994 to monitor quality of health care for patients in
renal replacement therapy, i.e. dialysis and renal trans-
plantation. Since 1995 more than 130000 patients
from more than 1200 reporting dialysis units were
registered and have been monitored longitudinally up
to the year 2006. Data analysis revealed large regional
variations not only with regard to gender, age and the
primary diseases which cause renal failure, e.g. diabe-
tes, but also with regard to five year survival rates. Five
year survival rates continued to show large regional
variations even after adjustment for age, gender and
primary disease. A more profound understanding of
these results and improvements with regard to epide-
miological analysis and reporting of the Renal Registry
are expected if the findings from regional life table
analysis could be used as background information. This
would allow to adjust survival rates for regional back-
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ground mortality and would also allow to use more
advanced modeling techniques, like relative survival
models (see e.g. [4]) which are already in use for other
severe chronic diseases such as cancer.

The necessity to emphasize regional aspects when
analyzing health care in Germany also stems from the
expected future demographic developments for Ger-
many (see [8]). The medium-term and long-term re-
gional planning outlook provided by the Federal Office
for Building and Regional Planning for the years 2020
and 2050 identifies as the most striking future demo-
graphic characteristic the contemporaneous dynamics
of shrinking and growing German regions. Looking at
population numbers, a large group of shrinking re-
gions will be confronted with a small group of regions
that continue growing. Whereas the number of shrink-
ing regions will increase, the number of growing re-
gions will decrease. The population projections of the
Federal Office for Building and Regional Planning are
confirmed by regional population projections for the
year 2025 that were recently published by Bertelsmann
Foundation in November 2008 (see this link). Their
results also show an enormous future imbalance be-
tween the number of shrinking and growing regions. It
can be expected that in parallel regional disparities will
increase. This will be an enormous challenge not only
for regional real estate economics and the providers
of public infrastructure but also for the German health
care system.

The German paradigm of equivalence of living con-
ditions in all sub-regions, which is explicitly targeted
by German regional planning law has become a ma-
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jor point of discussion (see e.g. [7]). Maybe one has to
admit already today that equivalence of living condi-
tions is an aim that is too ambitious and can only be
achieved at over demanding costs. Extending the point
of view from a national to a European Union perspec-
tive lets one immediately realize that regional dispari-
ties are an even greater matter of concern. The Euro-
pean Commission’s economic policy emphasizes the
regional dimension of cohesion and evaluates the ex-
tent of socioeconomic convergence in the Union of 27
members [6]. Independent of the level of perspective,
regional life expectancy will be clearly one of the main
indicators for cohesion and the equivalence of living
conditions.

Regional life expectancy data for Germany that are
currently obtainable from official data sources, e.g.
from the German Federal Office for Building and Re-
gional Planning, have restrictions that make them of
limited use for our purposes: only life expectancies at
birth are provided but neither detailed documenta-
tion of the applied life table algorithms nor confidence
intervals are available. Taking into account the special
needs of the Renal Registry and the fact that more than
fifty per cent of the patient population are older than
65 years, the planned life table analysis should provide
regional life expectancy at birth, age 65 and age 75 as
main indicators for overall regional background mor-
tality. Also, the requirement for a flexible use of cus-
tomized regional classifications made it unavoidable to
set up an own separate database for regional life table
analysis. Of course the compiled data and the derived
life tables are not only interesting background informa-
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tion for more advanced analysis by the German Renal
Registry but, as has been pointed out above, for many
other modern epidemiological research activities.

This report is set up for three main purposes.

Firstly, it is intended to serve as a detailed descrip-
tion for the computation of the regional life expectan-
cies based on regional life tables. Thus it can serve as
a methodological reference for future research work
based on the derived results.

Secondly, it shall provide a comprehensive but pure-
ly descriptive presentation of regional life expectancy
in Germany as a stimulus for new research questions.

Thirdly, it shall raise discussions about shortcomings
and limitations of regional life table analysis and what
can be done in future to overcome these issues.

2 Materials and Methods

Data acquisition was done in the years 2006 and 2007
as a joint effort of Glinter Edenharter (edenharter re-
search, Berlin) and QuaSi-Niere gGmbH, Berlin. Life
table analysis was conducted by Glinter Edenharter.

2.1 Regional breakdown

The regional breakdown of Germany is defined by
administrative regional units and other non-admin-
istrative regional units which are in official use for
planning and analysis purposes. The administrative re-
gional units are also covered by the regional system of
the European Union which uses sub-national regional
units defined by the Nomenclature of Units for Territo-
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Level NUTS  German description English description Count
RO Level 0  Staat (Deutschland) State (Germany) 1
R1 - West-/Ostdeutschland (mit Berlin)  West/East Germany (with Berlin) 2
R2 Level 1 Bundeslander Federal States 16
R3 Level 2 Regierungsbezirke Governorates 41
R4 - Raumordungsregionen Regional Planning Units 97
R5 Level 3  Kreise und kreisfreie Stadte Counties and Cities 438

Total 595
Table1:  German regional units

rial Statistics (NUTS) for levels 1 to 3 and Local Adminis-
trative Units (LAU) which are the basic components of
NUTS regions and are defined for level 1 (districts) and
level 2 (municipalities).

It was decided to use NUTS level 3 (‘Counties and
Cities’) as the smallest regional unit for data acquisition.
NUTS level 2 regions (‘Governorates’) and NUTS level 1
regions (‘Federal States’) are then set up by aggregat-
ing data from NUTS level 3 regions. As population num-
bers in administrative regional units become very large
when moving from NUTS level 3 to NUTS level 2, an ad-
ditional regional category from the non-administrative
regional units is included which covers 97 regions of
‘Regional Planning Units" Table 1T summarizes the Ger-
man regional units as they were used in the analysis.
The most left column (Level) describes our own abbre-
viation for regional aggregation levels. The English de-
scription of German regions is not officially established,

other authors may use different terms.

The study period covered the years from 1997 to
2006. Life tables were calculated by aggregating popu-
lation and death data always for three sequential years,
i.e. 1997/1998/1999 to 2004/2005/2006. This results
in 8 triple year periods. A triple year period is referred
to by quoting the first and the last year separated by
a slash, e.g. the notation 1997/1999 is used as an ab-
breviation for 1997/1998/1999. Population data from
1996 is used to calculate average population numbers
for 1997 (see below).

Within the time span covered there had been two
major regional revisions at NUTS level 3 and one at
NUTS level 2:

Eisenach. In 1998 the city Eisenach (region code
16056) was separated from the county Wartburgkreis
(region code 16063) as a new NUTS level 3 unit. For our
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analysis we decided to continue with the old regional
definition of the county Wartburgkreis which includes
the city Eisenach, beyond the year 1997. To avoid con-
fusion the new region code 16999 (NUTS code: DEGZZ)
was assigned to the combined county Wartburgkreis/
Eisenach.

Hanover. In 2001 the administrative units of city Ha-
nover (region code 03201) and county Hanover (region
code 03253) were merged into one new administrative
unitat NUTS level 3 (region code 03241). For this reason
these two units were also merged backwards for the
time span 1996 to 2000.

Brandenburg North-East/South-West. In 2007 the
federal state of Brandenburg was split up into two sub-
regions at NUTS level 2, Brandenburg North-East and
Brandenburg South-West. To be in accordance with
this new regions we carried backward these subdivi-
sion for all years.

2.2 Data sources

The computation of standard abridged life tables re-
quired population and death data by gender and age
groups (<1, 2-5, 5-10, ..., 85-90, 90+) at NUTS level 3.
Unfortunately the online data resources of the German
Federal Statistical Office do not provide data on popu-
lation and death numbers that would allow the com-
putation of these standard abridged life tables at NUTS
level 3. There are two severe shortcomings related to
the online data: The age groups of population and
death data do not match in the younger age groups
(ages under 10 years) and the oldest age group sum-
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marizes population and death numbers for all ages at
75 and older. Life expectancies derived from a life table
are sensitive to the width of the last age interval. When
the last age interval is too wide, as is the case when e.g.
life expectancy for females at birth is 82.42 (see Table
2) and the lower limit of the last age interval already
starts at age 75, the calculated life expectancies will be
biased [5].

As official online data resources did not meet the
needs for regional life table calculations, more elabo-
rate routes had to be followed for the acquisition of
population and death data. These routes are described
below.

Population data. Population data at NUTS level 3
(yearly 1995-2006, reference date December 31 of each
year) were made available from the German Federal
Statistical Office upon special requests. Unfortunately
population data for Saxony, year 1995, had severe re-
gional incompatibilities with the later years. It was de-
cided that results should be presented in a homoge-
neous way, for this reason life table analysis starts with
1997/1999.

Death data. For death data two different sources had
to be used. With the friendly permission of the Federal
Statistics authorities death numbers could be compiled
at NUTS level 3 by personal visits to the Berlin research
data center. On site it was possible to have access to
detailed original data sources. Because of data protec-
tion reasons, statistical tables calculated at the research
data center can only be transferred for external usage
when cell numbers are greater than or equal to 3 (or

Regional life expectancy in Germany

equal to zero). For this, a decision was made to use only
the age groups covering age 75 and older from the Ber-
lin research data center. The age groups younger than
age 75 were taken from the online resources of the
Federal Statistical Office (GENESIS Online).

2.3 Life table computations

Main reference for the implemented life table calcula-
tions is Chiang [2].

Regional life tables were computed as abridged
current life tables. An abridged life table is construct-
ed with age intervals that cover more than one year
whereas complete life tables use age intervals that cov-
er exactly one year. A current life table is constructed
based on a cross-sectional approach that uses popula-
tion and death data for one year or several years. This is
different from a cohort life table where a group of per-
sons is followed up from the birth of the first individual
to the death of the last individual. Here we use 20 age
groups. The age group intervals are of different length:
The first interval covers one year, the second interval
covers four years, interval three to nineteen cover five
years and the last interval is an open ended interval.
The fundamental calculation of an abridged current life
table will be explained by the use of one life tables for
German females in the year 2006.

An abridged life table can be constructed by setting
up 12 columns. The description of each column is as
follows:

Column 1.

Ageinterval [x;-X7),1=0, ..., 0 =19.
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Column 2.

Average population P; in interval [x;-X;). The
average population for a yearj is approximated by cal-
culating the mean population of the populations that
were reported for the reference dates for December 31
of the year; ; before and for December 31 of year;.

Column 3.

Number of deaths D; in interval [x;- X ;1)
Column 4.

Length of the age interval [x;- X;17): 11; =X j47- X ;.
Column 5.

Fraction of last age interval of life: a;. These numbers
were derived from complete life tables for total Ger-
many. A more detailed description will be given below.

Column 6.
Age specific death rate: M ;. It is calculated as:
D;
M;=—
P;
Column 7.
The probability of dying in interval [x;-x.): q;. It

is calculated as:

i’lz‘Ml'

= —————, i=0,..,w-1.
T e n M;

o the probability of dying in the last age interval
issetto 1.0.
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Column 8and 9.

Number living at age x;: [; and number dying in in-
terval [x;-X;):d ;.

[y is called the radix of the life table and is set to
100 000.

Given [, d;and [; are calculated as:
di=liq;, i=0,..., w
and
liyi=1;-d;, i=0,..., w-1.
Column 10.

Number of years lived in the interval [x;-x;;) by
the survivors [ ;: L ;.

Itis calculated by:
Li=ny(l;-d;)+and;, i=0,..., w-1

and

Column 11.

Total number of years to be lived by persons attain-
ing age x;: T;. Itis given by:

Tw=L
and
T;=L;+Ly7+...+L,, i=0,...,w-1.
Column 12.

Expectation of life at age x;: €. The final column is
calculated as:

Regional life expectancy in Germany

A full example is given in Table 2.

Fraction of last age interval of life. The numbers a;
for the fraction of last age interval of life had to be de-
rived from complete life tables. For this purpose com-
plete official life tables from the Federal Statistical Of-
fice for total Germany were used for the three periods
1996/1998, 2000/2002 and 2004/2006. For each sex the
a; were calculated following Chiang ([2], pp. 142-145).
The a; that were used in our analysis for all regional
units were then calculated by computing the mean of
the a; from the three life tables for each age interval.
The results are given in Table 3a (Females) and Table 3b
(Males). No attempt was made to calculate a; at region-
al levels, e.g. NUTS level 2.

The given example used population and death num-
bers from a single year for the calculation of a life table.
To obtain more stable results especially for the regions
at NUTS level 3, the population and death numbers for
three sequential years were added up.

Confidence intervals for life expectancies. In regional
analysis population numbers often are not very large.
To communicate the uncertainty associated with the
derived life expectancies it is useful to report the life
expectancies with confidence intervals. This is espe-
cially important when the population size of regions
varies as enormously as it does in our case. The sample
variance of life expectancies is essentially determined
by the sample variance of the involved g;, i.e. the age-
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Abridged current life table
[xi-xi) p; D; ni oa; M; qi li dj L; T; ey

[0-1) 330756 1150 1 0.17 0.00348 0.00347 100000 347 99713 8242356 824
[1-5) 1392049 226 4 040 0.00016 0.00065 99653 65 398457 8142643 81.7
[5-10) 19166 54 138 5 0.47 0.00007 0.00036 99589 36 497 848 7744186 77.8
[10-15] 1983763 190 5 0.54 0.00010 0.00048 99553 48 497655 7246338 72.8
[15-20) 2338246 454 5 0.56 0.00019 0.00097 99505 97 497313 6748684 67.8
[20-25) 2389595 542 5 049 0.00023 0.00113 99409 113 496755 6251371 62.9
[25-30) 2411105 593 5 0.52 0.00025 0.00123 99296 122 496187 5754615 58.0
[30-35] 2408389 844 5 0.53 0.00035 0.00175 99174 174 495465 5258428 53.0
[35-40) 3193689 1837 5 0.54 0.00058 0.00287 99000 284 494345 4762963 48.1
[40-45) 3509089 3531 5 0.54 0.00101 0.00502 98716 496 492449 4268618 43.2
[45-50] 3166498 5695 5 0.54 0.00180 0.00896 98220 880 489063 3776169 384
[50-55) 2827148 7947 5 0.53 0.00281 0.01396 97341 1359 483508 3287106 338
[55-60) 2501632 10480 5 0.53 0.00419 0.02074 95982 1991 475217 2803598 29.2
[60-65) 2282088 14302 5 0.53 0.00627 0.03088 93991 2903 463143 2328381 24.8
[65-70] 2826103 25675 5 0.54 0.00908 0.04449 91088 4053 446078 1865238 20.5
[70-75) 2106271 34215 5 0.54 0.01624 0.07829 87036 6814 419466 1419160 16.3
[75-80) 1804383 55616 5 0.53 0.03082 0.14379 80222 11535 374232 999694 12.5
[80-85) 1484923 89564 5 0.52 0.06032 0.26366 68687 18110 300254 625462 9.1
[85-90) 733651 80274 5 0.50 0.10942 0.42922 50577 21709 198402 325208 6.4
[90-00) 449860 1 0.22766  1.00000 28868 28868 126 806 126806 4.4

Table2:  Construction of an abridged current life table: Females 2006 (Germany)
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(a) Females (b) Males
1996/1998 2000/2002 2004/2006 Mean 1996/1998 2000/2002 2004/2006 Mean
[xi-x41) a aj aj aj a aj aj aj
[0-1) 0.180 0.179 0.159 0.17 0.177 0.125 0.156 0.15
[1-5) 0.400 0.394 0.395 0.40 0.396 0.390 0.401 0.40
[5-10) 0.475 0.468 0.459 0.47 0.479 0.485 0.484 0.48
[10-15) 0.541 0.547 0.538 0.54 0.560 0.547 0.561 0.56
[15-20) 0.559 0.567 0.553 0.56 0.621 0.620 0.609 0.62
[20-25) 0.484 0.487 0.499 0.49 0.487 0.486 0.498 0.49
[25-30) 0.524 0.520 0.517 0.52 0.511 0.506 0.499 0.51
[30-35) 0.537 0.539 0.527 0.53 0.526 0.523 0.526 0.52
[35-40) 0.538 0.540 0.539 0.54 0.535 0.540 0.540 0.54
[40-45) 0.540 0.545 0.546 0.54 0.537 0.541 0.547 0.54
[45-50) 0.534 0.535 0.540 0.54 0.529 0.534 0.541 0.53
[50-55) 0.529 0.531 0.530 0.53 0.534 0.532 0.534 0.53
[55-60) 0.531 0.525 0.531 0.53 0.534 0.531 0.529 0.53
[60-65) 0.537 0.533 0.522 0.53 0.533 0.529 0.527 0.53
[65-70) 0.536 0.538 0.540 0.54 0.525 0.530 0.529 0.53
[70-75) 0.538 0.537 0.541 0.54 0.521 0.518 0.528 0.52
[75-80) 0.527 0.536 0.538 0.53 0.505 0.518 0.515 0.51
[80-85) 0.520 0.518 0.532 0.52 0.496 0.496 0.512 0.50
[85-90) 0.494 0.498 0.503 0.50 0.466 0.472 0.480 0.47
[90-c0) - - - - - - - -

Table 3: Fraction of last age interval of life
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specific probabilities of dying. We do not go into Maps were generated with Adobe Illustrator™ The map 2.4 Validation
any detail here but refer to Chiang ([2], pp. 161) who geometries were provided by Digital Vector Maps™, San
uses a first order Taylor approximation to derive a Diego, USA. To validate our methodological approach a comparison

formula for the sample variance of life expectancies
from abridged current life tables.

Let see, be the standard error of a life expectan- (a) Life expectancy at birth (b) Life expectancy at age 65 (c) Life expectancy at age 75
cy at age x;. An approximative 95% confidence in- Method Method Method
Lerval forthelife expectancy atiage;is then given Period Gender Chiang FSO Difference Chiang FSO Difference Chiang FSO Difference
y: 1996/1998 Female 80.3 80.3 0.060 18.9 18.8 0.053 114 114 -0.036
(€x;-1.965€ey, €x;+1.965Ce). 1997/1999 Female 806 806 0.025 19.1 19.1 0.020 15 115 0.031
The detailed computation of see,, involves a di- 1998/2000 Female  80.9 80.8 0.043 193 19.2 0.039 11.7 116 0.046
vision by D, the number of deaths. In our case, for 1999/2001 Female  81.1 81.1 0.079 19.5 194 0.079 11.8 11.8 0.084
regional life tables, the number of death was equal
. . . 2000/2002 Female 81.3 81.2 0.126 19.7 19.5 0.127 11.9 11.8 0.134
to zero in some cases. To overcome this problem, in
these cases the Dz‘ were set to one. The effect of this 2001/2003 Female 814 81.3 0.096 19.7 19.6 0.101 11.9 11.8 0.106
culssrton e die clal s i cmssEnds e 2002/2004 Female 816 815 0.075 19.8 19.8 0.080 120 19 0.085
negligible. 2003/2005 Female 819 81.8 0.083 20.0 19.9 0.087 12.1 12.0 0.090
it e BAE) e 2004/2006 Female 822 821 0.117 203 202 0.123 123 122 0123
was done with SPSS™ Version 15 and 16. 1996/1998  Male  74.1 74.0 0.046 15.2 15.1 0.035 9.1 9.2 -0.081
Life table calculations were implemented using 1997/1999 Male 74.5 744 0.021 15.4 154 0.014 9.3 9.3 -0.003
algorithm was set up in such a way that a theoreti- 1999/2001 Male  75.2 75.1 0.079 15.9 15.8 0.086 9.7 9.6 0.077
cally unlimited number of life tables could be calcu- 2000/2002 Male 755 75.4 0.129 16.1 15.9 0.171 9.8 96 0.190
lated in one single run. 595 regional life tables were 2001/2003 Male 757 756 0.135 162 16.1 0.164 9.9 9.7 0.192
computed for females and males and for eight life 2002/2004 Male 760 759 0.131 164 16.3 0.160 10.0 9.8 0.197
table periods from 1957/1999 to 2004/2006, which 2003/2005 Mal 76.4 76.2 0.146 16.7 16.5 0.176 10.2 10.0 0.214
resulted in a total of 9520 life tables. The mean ale ’ ’ ’ ’ ’ ’ ’ ’ ’
computation time for a single life table was ca. 0.11 2004/2006 Male 76.8 76.6 0.184 17.0 16.8 0.221 104 10.1 0.257

seconds. Adding the calculations for confidence
intervals doubled approximately the computation
time for each table.

Table4:  Comparison of method Chiang vs. method Federal Statistical Office (FSO)
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of our life table results was made with results from life
tables from the Federal Statistical Office (FSO) of Ger-
many. The comparison was made for life expectancy at
birth, age 65 and age 75 looking at total Germany. The
official life table data published by the FSO of Germany
[9] are based on complete life tables with one year age
intervals for the same three year life table periods that
we use. The results are presented in Table 4a to Table
4c. Method Chiang refers to our approach of calculat-
ing abridged life tables and method FSO refers to the
official life expectations. The absolute differences in
the most right column of each sub-table are presented
with three decimal places. Overall, these differences
are very small. With few exceptions the life expectan-
cies calculated according to the Chiang method are
greater than the life expectancies computed by the
FSO method. The maximum difference is found in the
life table 2004/2006 for males with life expectation at
age 75 and this maximum difference comprises about
one quarter of the year.

It can be seen that deviations for males are greater
than for females and that these deviations are greater
for the more actual life tables. Taking into account that
the life expectancies were computed with different life
table methodologies (abridged vs. complete) and fur-
ther different methodological approaches in detail, the
close matching of the results is very good.

2.5 Limitations
2.5.1 Validity of population and death data

Data from official data sources are not necessarily cor-
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rect but may contain some errors. The most important
problem to mention here is that population numbers
are not based on census data. The population data that
we used in the calculations came from an official data
source, i.e. the Federal Statistical Office of Germany.
However one has to be aware that these data are based
on forward projections from population data that were
determined by more precise census methods only for
special single years in the past. These forward projec-
tions are based on birth, death and migration data.
The last census years are long-term backward: 1987.
The last census was conducted in West Germany and
1981 in East Germany. The next census will be in the
year 2011. It is known that updates of population data
after census years may raise discontinuities in popula-
tion number series (see e.g. [11]). Forward projections
and true population numbers may diverge over time.
In July 2008 an official press release from the Federal
Statistical Office of Germany [10] confirmed that of-
ficial population numbers may overestimate the true
German population by 1.3 million. This discrepancy
was calculated based on tests for new census methods
that will be used in the next census in 2011. These tests
were conducted in the years 2001 to 2003.

A comparison between data from the German Pen-
sion Fund and population data from the Federal Statis-
tical Office raised the problem that the common popu-
lation data may overestimate the number of the very
elderly [22].

Unfortunately, it cannot be assumed that errors in
population numbers act uniformly at regional levels.
Some bias may e.g. be associated to the proportion of

Regional life expectancy in Germany

immigrants (see e.g. [21]) that live in a region. The pop-
ulation numbers of immigrants may be overestimated
because these parts of the population show high mo-
bility rates that are not covered in full by official citizen
registries. Death numbers may be underestimated be-
cause death occurs when they have left Germany with-
out any official notification. Both reporting issues work
in the same direction and would lead to an overestima-
tion of life expectancy.

2.5.2 Comparability problems of administra-
tive regional units

Cross-sectional problems. Administrative regional units
as provided by NUTS levels are far away from being op-
timal for regional epidemiological analysis. Population
size may vary enormously between units at the same
NUTS level. Large regional units which in themselves
can be very heterogeneous have to be compared with
small very homogeneous units. To overcome this prob-
lem larger cities would have to be split up into city dis-
tricts. Data sets that combine data from NUTS level 3
regions with city district data for larger cities do not ex-
ist from a single official source. The set-up of such a da-
tabase would require considerable human resources.

Longitudinal problems. The classification of administra-
tive regional units is also more or less subject to con-
tinuous redefinitions. The smaller a regional unit the
higher is the probability that its administrative belong-
ing will change over time. This can make it difficult to
compile longitudinally comparable data for the region-
al units. An example are the administrative changes of
regions in Saxony that made 1995 data incomparable
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with data for the following years. Especially shrinking
regions in East Germany may raise the need to reorga-
nize into larger administrative units. This could make
it difficult to monitor regional developments consis-
tently over time.

2.5.3 Life expectancy and health

As described above, life expectancy is an important
population based health outcome indicator and life
expectancy in industrialized nations continued to in-
crease substantially following a centennial upward
trend. However increased life expectancy does not in
itself mean that the additional years of life are spend
in good health. Obviously, information about quality of
life that would make it possible to distinguish between
additional years of life spent in good or ill-health would
provide a much more precise description of population
health. Health aspects of quality of life may involve a
complex number of dimensions. Different concepts of
health combined with life expectancy may lead to dif-
ferent health expectancy indicators that may deliver
inconsistent conclusions. Complexity increases even
more when indicators allow for international compari-
sons.

Despite the problems involved, methods have been
developed that allow extension of life table techniques
to compute disability-free life expectancies. When stan-
dardized data are available, these data will allow inter-
national comparisons (see e.g. [12]). These methods re-
quire data of the gender and age-specific prevalence of
the population in healthy and unhealthy states, which
are derived e.g. from cross-sectional surveys. What data
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sources would allow an extension of these approaches
to regional level analysis so small as NUTS levels 3 is an
unsolved problem.

3  Summary of results

3.1 Regional variation

The most actual life table period 2004/2006 is used
to describe the regional variation of life expectancy
within Germany for life expectancy at birth, at age 65
and age 75 separated by gender. Figure 1 to Figure 3
show, how the variation of life expectancy increases
when the population size of the covered regional unit
decreases. Life expectancies for total Germany (aggre-
gation level R0O) and East and West Germany (aggrega-
tion level R1) are provided as reference points in the left
of each graph. For aggregation levels R2 (federal states)
to R5 (counties and cities) the results are summarized
by boxplots which show the maximum value, the 75th
percentile, the median (50th percentile), 25th percen-
tile and the minimum. These data are also provided
numerically in Table 5a (Females) and Table 5b (Males).
Figure 1 to Figure 3 indicate the overall higher level of
life expectancies for females. In general, the variation
in life expectancy is higher in males than in females.
At aggregation level R5, the range of life expectancies
at birth is 7.3 years for males and 4.4 years for females.
The difference in the gender associated variation of life
expectancies at age 65 is much less pronounced (R5,
range females: 3.2 years, range males 4.2 years) and no
longer visible for life expectancies at age 75 (R5, range
females and males: 2.8 years).

Regional life expectancy in Germany

Table 5a and Table 5b also provide a presentation
of relative life expectancy. This was defined for each
level of regional aggregation as percentage points in
relation to the region with maximum live expectancy.
The region with maximum live expectancy was set to
100%. As expected, for females and males, the range
of this relative life expectancy increases with decreas-
ing population size of the covered regions. Worth men-
tioning is that the range of relative life expectancy in-
creases significantly when the remaining life time for
the life expectancies shortens from at birth to age 65
and furthermore to age 75. The same pattern shows
up for females and males. At aggregation level R5, the
relative life expectancy at birth for females in the re-
gion with minimum life expectancy is 94.8% compared
to the region with maximum life expectancy, for males
the relative life expectancy is 90.9% . For age 75 these
relative life expectancies are with 79.6% for females
and 76.2% for males strikingly lower. Figure 4 to Figure
6 present at aggregation level R5 maps for regional life
expectancy at birth, age 65 and age 75. Separate maps
for females and males are shown side by side. The most
striking feature of these maps is the strong gradient of
decreasing life expectancy that runs from south-west
to north-east.

The interpretation and explanation of these results
in an epidemiological analysis which will try to use the
regional socioeconomic context to enlighten these
demographic findings is a challenging and interesting
task which has to be accomplished in the future.
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Figure 1:  Variation of regional life expectancy at birth, 2004/2006, boxplots
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(b) Males, life expectancy at birth
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[years] (a) Females, life expectancy at age 65 [years] (b) Males, life expectancy at age 65
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Figure 2: Variation of regional life expectancy at age 65, 2004/2006, boxplots
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[years] (a) Females, life expectancy at age 75 [years] (b) Males, life expectancy at age 75
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Figure 3: Variation of regional life expectancy at age 75, 2004/2006, boxplots
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(a) Females 2004/2006 (b) Males 2004/2006
absolute [years] relative to maximum (%) absolute [years] relative to maximum (%)
Level atbirth  atage 65 atage75 atbirth  atage 65 atage75 atbirth  atage 65 atage75 atbirth  atage 65 atage75
RO Germany 82.2 20.3 123 76.8 17.0 10.4
R1 East 82.0 20.0 12.2 99.7 98.3 98.3 75.7 16.5 10.0 98.2 96.2 95.3
R1 West 823 204 124 100.0 100.0 100.0 77.1 17.1 10.5 100.0 100.0 100.0
Federal States Federal States
R2 Minimum 81.1 19.6 11.8 97.4 93.2 91.9 74.8 159 9.6 95.5 89.1 87.1
R2 Q25 81.8 19.8 11.9 98.2 94.1 925 75.7 16.3 9.9 96.7 91.5 90.3
R2 Median 81.9 20.3 123 98.4 96.3 954 76.6 17.0 10.5 97.8 95.4 95.2
R2 Q75 82.2 20.5 12.6 98.7 97.3 97.7 77.0 17.2 10.7 98.3 96.5 97.3
R2 Maximum 83.3 21.0 129 100.0 100.0 100.0 783 17.8 11.0 100.0 100.0 100.0
Governorates Governorates
R3 Minimum 81.1 19.5 1.7 97.3 92.2 90.5 74.5 15.8 9.5 94.9 88.2 86.3
R3 Q25 81.8 19.9 12.0 98.1 94.4 92.6 76.0 16.5 10.0 96.8 91.8 90.8
R3 Median 82.0 20.3 123 98.3 95.9 94.6 76.7 17.0 10.4 97.7 94.9 94.5
R3 Q75 82.5 20.5 12.6 98.8 97.1 97.2 77.0 17.2 10.6 98.2 96.0 96.4
R3 Maximum 834 21.1 13.0 100.0 100.0 100.0 78.5 17.9 11.0 100.0 100.0 100.0
Regional Planning Units Regional Planning Units
R4 Minimum 80.5 19.1 11.4 96.2 89.9 87.4 74.1 15.7 9.4 94.0 86.4 83.9
R4 Q25 81.7 19.9 12.0 97.7 93.3 91.6 76.0 16.5 10.0 96.4 90.7 89.4
R4 Median 82.1 20.2 12.2 98.2 94.9 93.4 76.7 16.9 104 97.3 93.1 924
R4 Q75 825 20.6 12.6 98.7 96.8 96.0 77.4 17.3 10.6 98.2 95.1 94.9
R4 Maximum 83.6 213 13.1 100.0 100.0 100.0 78.8 18.2 11.2 100.0 100.0 100.0
Counties and Cities Counties and Cities
R5 Minimum 79.8 18.6 11.0 94.8 85.3 79.6 73.1 15.0 9.1 90.9 783 76.2
R5 Q25 81.6 19.8 11.9 96.9 90.8 86.3 75.8 16.4 9.9 94.3 85.4 82.8
R5 Median 82.1 20.2 12.2 97.5 92.7 88.8 76.7 16.9 10.3 95.4 88.0 85.7
R5 Q75 82.6 20.6 12.6 98.2 94.3 91.5 77.5 17.4 10.7 96.4 90.6 89.3
R5 Maximum 84.2 21.8 13.8 100.0 100.0 100.0 80.4 19.2 12.0 100.0 100.0 100.0

Table 5:  Regional variation of life expectancy, 2004/2006
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Life expectancy at birth
(a) Females 2004/2006 (b) Males 2004/2006
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Figure 4: Life expectancy at birth, R5: counties and cities, map
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Life expectancy at age 65
(a) Females 2004/2006 (b) Males 2004/2006
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Figure 5: Life expectancy at age 65, R5: counties and cities, map
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Life expectancy at age 75
(a) Females 2004/2006 (b) Males 2004/2006
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Figure 6: Life expectancy at age 75, R5: counties and cities, map
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3.2 Change over time

Change over time is described by a comparison of the
life table periods 1997/1999 and 2004/2006. Table 6a
and Table 6b present data for the absolute and rela-
tive differences between life expectancy at birth, age
65 and age 75 between these periods. Absolute differ-
ences were computed for each region by subtracting
from the life expectancies in the period 2004/2006 the
life expectancies for the period 1997/1999. Relative
differences were measured for each region by the per-
centage growth in life expectancy from 1997/1999 to
2004/2006.

Changes in life expectancy for total Germany (ag-
gregation level R0) and East and West Germany (aggre-
gation level R1) are reported at the top of each table.
The relative differences indicate a stronger increase in
life expectancy for the elderly population. The growth
of life expectancy was higher in West Germany than in
East Germany, for males as well as for females. For the
elderly population, age 65 and age 75, the growth of
life expectancies were much larger than for the total
population at birth.

For the aggregation levels R2 (federal states) to R5
(counties and cities) the results are reported by provid-
ing in Table 6a and Table 6b for absolute and relative
differences of life expectancy the five number summa-
ry which would also allow the drawing of boxplots: the
maximum value, the 75th percentile, the median (50th
percentile), 25th percentile and the minimum. The vari-
ation of absolute and relative differences increases with
decreasing population size. At aggregation level R5 the
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negative minimum values indicate that not all regions
experienced a positive development. At all age levels
males show a negative sign of life expectancy change
at the minimum value. For females only change of life
expectancy at birth and at age 75 have a negative sign
at the minimum value.

For regional aggregation level R5 a more detailed
description of the development of life expectancy for
the periods from 1997/1999 to 2004/2006 is given in
Figure 7 to Figure 9. These figures provide a combined
presentation of line boxplots with numerical presenta-
tion of the data in tables below the plots. The tables
also inform about the range (maximum-minimum)
and the interquartil range (Q75-Q25) for each life table
period. Range and interquartil range describe variation
among the regions and can be used as measures of
convergence over time. Again, information for females
and males is presented in parallel.

In general, life expectation at all ages and for fe-
males and males show an upward trend where females
move at higher levels with lower variation than males.

To analyze potential convergence of life expectan-
cies among regions over time the interquartile range
and the range can be inspected. The interquartile
range is nearly constant over time within all subgroups
and thus does not provide evidence for convergence.
The range does not show smooth uniform movements.
For this reason a separate table is set up that shows the
development of the relative range over time with the
range of the period 1997/1999 set to 100%. No single
pattern can be identified for all subgroups. Only life

Regional life expectancy in Germany

expectancy at age 75 years of females shows a nearly
steady decline of the range over time. Two subgroups,
life expectancy at birth of females and life expectancy
at age 75 of males show peak levels of the range over
time that are more than 20% above the range of the
base period 1997/1999. As the range measures the dis-
tance between the extremes it can be assumed that
single regions, probably with small population num-
bers experienced very special conditions, but this has
to be analyzed in more detail in the future: these re-
gions can be identified from the data and it can be as-
sumed that a more detailed analysis of these regions
that also looks at cause-specific death would provide
interesting insight into the underlying causes.
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(a) Females (b) Males
absolute [years] relative [%] absolute [years] relative [%]
Level atbirth  atage65 atage75 atbirth  atage65 atage75 atbirth  atage65 atage75 atbirth  atage65 atage75
RO Germany 1.6 1.2 0.8 20 6.4 7.3 24 1.6 1.1 3.2 10.5 12.2
R1 East 1.5 1.1 0.8 1.8 5.9 6.8 23 1.6 1.1 3.0 10.3 121
R1 West 20 1.5 1.0 25 8.1 9.3 2.6 1.7 1.1 3.6 11.3 13.0
Federal States
R2 Minimum 1.1 0.9 0.6 1.3 4.7 4.6 2.1 1.3 0.8 2.8 8.1 8.1
R2 Q25 1.4 1.1 0.7 1.7 5.6 6.5 2.2 1.5 1.1 3.0 10.1 11.7
R2 Median 1.6 1.2 0.8 1.9 6.4 74 23 1.6 1.1 3.2 10.9 12.6
R2 Q75 20 1.5 1.0 2.5 7.9 8.9 2.6 1.7 13 35 11.5 134
R2 Maximum 2.2 1.6 1.1 2.7 8.8 10.2 3.2 1.9 1.5 4.5 12.6 16.0
Governorates
R3 Minimum 1.1 0.9 0.5 1.3 4.6 4.6 1.9 1.2 0.8 2.5 79 8.1
R3 Q25 1.4 1.1 0.7 1.7 5.5 6.2 2.1 1.5 1.0 29 9.6 11.4
R3 Median 1.6 1.2 0.8 1.9 6.2 7.2 23 1.6 1.1 3.1 104 125
R3 Q75 1.9 1.4 1.0 24 7.5 8.9 2.6 1.7 1.2 34 1.1 133
R3 Maximum 23 1.8 1.2 29 9.4 104 3.2 20 1.5 4.5 129 16.0
Regional Planning Units
R4 Minimum 0.8 0.5 0.3 1.0 2.8 2.7 1.6 1.0 0.7 2.2 6.8 79
R4 Q25 1.3 1.0 0.7 1.6 54 6.1 2.1 1.5 1.0 2.8 9.6 10.8
R4 Median 1.5 1.2 0.8 1.9 6.2 7.1 23 1.6 1.1 3.0 103 124
R4 Q75 1.9 1.4 1.0 24 7.6 8.8 2.6 1.7 1.2 3.5 11.4 13.6
R4 Maximum 2.6 1.9 1.6 3.2 10.2 14.0 35 23 1.8 5.0 15.9 209
Counties and Cities
R5 Minimum -0.2 0.1 -0.1 -0.3 0.5 -1.2 -0.6 -0.3 -0.2 -0.8 -2.0 -1.5
R5 Q25 1.2 1.0 0.7 1.5 5.1 5.8 2.0 1.4 0.9 2.6 8.8 10.0
R5 Median 1.6 1.2 0.9 2.0 6.4 7.5 23 1.6 1.1 3.1 104 123
R5 Q75 2.0 1.5 1.1 25 8.0 9.6 2.7 1.8 1.3 3.6 12.0 14.6
R5 Maximum 3.2 23 1.8 4.0 12.7 17.6 4.1 2.6 2.2 5.7 17.5 259

Table6: Change in life expectancy 1997/1999 to 2004/2006
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[years] (a) Females: life expectancy at birth (b) Males: life expectancy at birth [years]
85.0 r 85.0
82.5 - 825
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72.5 - 725
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1997/99 1998/00 1999/01 2000/02 2001/03 2002/04 2003/05 2004/06 1997/99 1998/00 1999/01 2000/02 2001/03 2002/04 2003/05 2004/06

Maximum 82.9 83.0 83.2 83.4 83.6 84.1 84.2 84.2 77.9 78.1 78.5 79.1 79.4 80.0 80.2 80.4 Maximum
Q75 81.1 81.3 81.6 81.8 81.9 82.1 823 82.6 75.2 75.5 75.9 76.2 76.4 76.7 77.0 77.5 Q75
Median 80.5 80.8 81.1 81.3 81.4 81.5 81.8 82.1 744 74.7 75.1 754 75.6 75.9 76.2 76.7 Median
Q25 80.0 80.2 80.5 80.8 80.9 81.1 81.3 81.6 73.5 73.8 74.2 74.5 74.7 75.0 75.2 75.8 Q25
Minimum 784 78.5 78.5 78.0 78.4 79.0 79.7 79.8 69.9 70.2 70.9 714 71.9 71.8 72.5 73.1 Minimum
Range 4.5 4.5 4.7 54 52 5.1 4.5 44 8.0 7.9 7.6 7.6 7.5 8.2 7.7 7.3 Range
Q75-Q25 1.1 1.1 1.1 1.1 1.0 1.0 1.0 1.1 1.7 1.7 1.8 1.7 1.8 1.7 1.8 1.7 Q75-Q25

Figure 7: Time trends of life expectancy at birth, R5: counties and cities, line boxplots and tables
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[years] [years]

(a) Females: life expectancy at age 65 (b) Males: life expectancy at age 65
23.0 - 23.0

21.0 - /\// - 21.0
/f//

19.0 _ / i 19'0

17.0 / - 17.0
15.0 - 15.0
13.0 - © 2009 edenharter research © 2009 edenharter research L 13.0

[ T T T T T T 1 [ T T T T T T 1

1997/99 1998/00 1999/01 2000/02 2001/03 2002/04 2003/05 2004/06 1997/99 1998/00 1999/01 2000/02 2001/03 2002/04 2003/05 2004/06

Maximum 20.8 21.2 215 213 21.3 215 21.7 21.8 17.4 17.7 18.0 18.7 18.8 19.1 18.9 19.2 Maximum
Q75 19.5 19.6 19.9 20.0 20.0 20.2 20.4 20.6 15.8 16.0 16.3 16.5 16.6 16.8 171 174 Q75
Median 19.0 19.2 19.4 19.6 19.7 19.8 20.0 20.2 153 15.6 15.8 16.1 16.2 16.3 16.5 16.9 Median
Q25 18.5 18.7 19.0 19.2 19.2 194 19.5 19.8 14.8 15.0 153 155 15.6 15.8 16.0 16.4 Q25
Minimum 17.3 17.5 17.7 17.8 17.9 18.1 18.6 18.6 13.5 13.7 14.0 14.3 14.5 14.5 14.8 15.0 Minimum
Range 3.4 3.7 3.8 3.6 3.4 34 3.1 3.2 3.9 4.1 39 4.4 43 4.6 4.0 4.2 Range
Q75-Q25 0.9 0.9 0.9 0.9 0.8 0.8 0.8 0.8 0.9 1.0 1.0 1.0 1.0 1.0 1.1 1.0 Q75-Q25

Figure 8: Time trends of life expectancy at age 65, R5: counties and cities, line boxplots and tables
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[years] (a) Females: life expectancy at age 75 (b) Males: life expectancy at age 75 [years]
15.0 r 15.0
13.5 - 135
12.0 1 —_— - 12.0
/
10.5 - 10.5
—
/
9.0 H - 9.0
7.5 - © 2009 edenharter research © 2009 edenharter research L 75

T T T T T T T 1 T T T T T T T 1
1997/99 1998/00 1999/01 2000/02 2001/03 2002/04 2003/05 2004/06 1997/99 1998/00 1999/01 2000/02 2001/03 2002/04 2003/05 2004/06

Maximum 13.0 13.2 133 13.4 13.4 13.4 13.5 13.8 10.7 11.0 11.1 11.6 11.7 12.1 11.8 12.0 Maximum
Q75 1.7 11.9 121 12.2 12.2 123 124 12.6 9.5 9.7 9.9 10.1 10.2 10.3 104 10.7 Q75
Median 11.3 11.5 11.7 11.8 11.8 11.9 12.0 12.2 9.2 9.4 9.6 9.7 9.8 9.9 10.1 10.3 Median
Q25 11.0 1.2 11.4 1.5 1.5 11.6 1.7 11.9 8.8 9.0 9.2 9.4 9.4 9.6 9.7 9.9 Q25
Minimum 10.0 10.2 10.3 10.5 10.6 10.8 11.0 11.0 79 8.0 8.1 8.4 8.6 8.5 8.7 9.1 Minimum
Range 3.1 3.1 3.0 29 2.8 26 25 2.8 2.8 3.1 3.0 3.2 3.2 3.6 3.1 28 Range
Q75-Q25 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.8 0.8 0.7 0.8 0.8 Q75-Q25

Figure 9: Time trends of life expectancy at age 75, R5: counties and cities, line boxplots and tables
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Relative range of life expectancy over time, period 1997/1999 equal to 100%
(a) Life expectancy at birth (b) Life expectancy at age 65 (c) Life expectancy at age 75

Period Females Males Period Females Males Period Females Males
1997/1999 100.0 100.0 1997/1999 100.0 100.0 1997/1999 100.0 100.0
1998/2000 100.2 98.4 1998/2000 108.2 103.3 1998/2000 99.8 109.4
1999/2001 103.7 94.4 1999/2001 109.6 100.0 1999/2001 97.9 107.4
2000/2002 120.1 95.5 2000/2002 103.3 110.5 2000/2002 95.5 115.9
2001/2003 115.7 93.9 2001/2003 97.7 108.3 2001/2003 91.2 113.2
2002/2004 1121 101.8 2002/2004 99.6 116.7 2002/2004 83.9 127.7
2003/2005 99.1 96.2 2003/2005 89.6 102.6 2003/2005 824 111.2
2004/2006 96.4 91.3 2004/2006 93.2 105.3 2004/2006 913 102.0

Table 7:  Relative range of life expectancy over time, period 1997/1999 equal to 100%
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3.3 Gender differences

It has to be accepted that, in modern affluent societies,
being male is the most relevant demographic risk fac-
tor for early mortality ([13], [20]). Male excess mortality
may be attributed to biological and behavioral causes
and potential interaction between these two sources.

In Figure 10 male excess mortality is shown as male
to female mortality ratio. This is derived from the prob-
abilities of dying which were calculated by the Federal
Statistical Office of Germany using a complete life table
with single age years for the period 2004/2006 (data
source: [9]). Male excess mortality which is weak within
the first years of life begins to increases steeply with
age 16 and peaks at age 21 with a value slightly above
3.0. After age 21 it decreases irregularly to a value of
2.0 at age 30. From age 31 to age 65 excess mortality
remains close to a value of 2.0. After age 65 male excess
mortality begins to decrease slowly and smoothly and
finally reaches a value very close to 1.0 at age 100. Dur-
ing all their working life, age-specific mortality is con-
siderably higher for males than for females.

The reasons for gender associated mortality dif-
ferences are complex. Different patho-physiological
mechanisms may act in females and males. For exam-
ple., cardiovascular diseases are one of the most im-
portant causes of death for females as well as for males
with males more strongly affected than females. Gen-
der associated effects are well established for cardio-
vascular diseases ([19], [18]) and continuing in-depth
efforts are made to highlight the underlying biological
pathways and gender specific therapeutic options. In
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Figure 10: Age-specific male:female mortality ratio, Germany 2004/2006, bar chart

comparison to females, a much earlier onset of cardio-
vascular disease is observed in males. Thus lower male
life expectancy can be attributed by a considerable
amount to gender differences related to cardiovascular
death. The temporal link between menopause and the
subsequent rise in vascular events suggests as an im-
mediate hypothesis that lower cardiovascular risk in fe-
males is associated with the protective effects of ovar-
ian hormones, but this is discussed controversially [14].

Behavioral gender specific causes are also widely ac-
cepted. Differences in risk-taking behavior may explain

that death rates related to accidents or drug misuse are
much higher for young male adults than for young fe-
male adults.

An interesting contribution to gender specific death
highlighting biological and behavioral causes was ac-
complished by Luy [15]. He undertook an analysis of
a cloistered population in comparison to the general
population and concluded that under the special en-
vironmental conditions of nuns and monks, biological
factors appear to confer a maximum survival advan-
tage for women of no more than one year in remaining
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Higher female life expectancy 2004/2006
life expectancy at young adult ages.
) ) ) absolute [years] relative [%]

Ta.bl.e ¢ Clegarlzs higher fe.male. It erfpeaEmay oy Level atbirth  atage65 atage?75 atbirth  atage65 atage?75
providing absolute and relative differences between - Gormany > = i _— Ton pp
females and males. Absolute differences are calculated
by subtracting male life expectancy from female life
expectancy for each region. Relative differences are il East > 33 19 6.7 190 18.0
derived by expressing this difference as percentage R1 West 6.2 36 22 8.2 21.6 21.7
points of male life expectancy for each region. Female Federal States
enhanced life expectancy is slightly more pronounced R2 Minimum 4.8 3.1 1.7 6.2 17.8 16.3
in West Germany than in East Germany. R2 Q25 5.1 3.2 1.8 6.6 18.3 16.8

The variation of absolute and relative differences in- R2 Median >3 33 19 70 195 183
creases with decreasing population size of the regions. R2 Q75 22 5 2 ge = UL
At all levels of regional aggregation it is found that rela- R2 Maximum 6.8 38 23 9.1 237 24.0
tive higher female life expectancy is more elevated for Governorates
the elderly population, age 65 and age 75, than for the R3 Minimum 4.5 29 1.5 5.8 16.5 15.0
total population at birth. R3 Q25 5.0 3.1 1.8 6.6 18.2 16.8

Figure 11toFigure 13 presentatregional aggregation R3 Median 5.4 33 1.9 7 19.5 18.7
level R5 (counties and cities) maps for higher female life R3 Q75 5.8 36 21 7.7 215 20.9
expectancy at birth, age 65 and age 75, respectively. The R3 Maximum 7.0 3.9 2.5 9.4 247 26.1
geographical pattern found for higher female life ex- Regional Planning Units
pectancy at birth seems to be very similar to the pattern R4 Minimum 42 2.7 14 5.5 15.0 12.9
that we found for life expectancy at birth (see Figure 4). R4 Q25 5.0 3.1 1.8 6.4 18.0 16.7
The interpretation of the patterns found for higher fe- R4 Median 5.4 33 19 7.1 19.7 185
male life expectancy at age 65 and age 75 seems to be R4 Q75 5.8 35 2.1 7.7 211 20.8
much more difficult. R4 Maximum 7.2 3.9 25 96 247 26.1

Counties and Cities
R5 Minimum 3.0 1.6 0.6 37 8.8 5.5
R5 Q25 49 3.1 1.7 6.3 17.7 16.1
R5 Median 55 33 2.0 7.1 19.9 18.8
R5 Q75 6.1 3.6 2.2 8.0 220 22.1
R5 Maximum 83 4.8 34 11.2 30.0 357

Table8: Higher female life expectancy 2004/2006
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Higher female life expectancy at birth, 2004/2006 Higher female life expectancy at age 65, 2004/2006

Quintil Quintil -
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Figure 11: Higher female life expectancy at birth, R5: counties and cities, Figure 12: Higher female life expectancy at age 65, R5: counties and cities,
2004/2006, map 2004/2006, map
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Higher female life expectancy at age 75, 2004/2006

Quintiles

© 2009 edenharter research © 2009 Digital Vector Maps

Figure 13: Higher female life expectancy at age 75, R5: counties and cities,
2004/2006, map
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3.4 International comparison

In this section we compare the German regional data
(level R5, counties and cities) with the international
life expectancy at birth data for 187 countries which
is provided by the World Bank [23]. Figure 14 provides
boxplots which are defined as described above for
the 438 German counties and cities (life table period
2004/2006) and 187 countries (year 2005) for which
data were available from the World Bank. Again analy-
sis is separated by gender. Even when our life table
computations will be different from the World Bank’s
approach, this will allow a crude comparison where
German regions can be ranked with regard to life ex-
pectancy at an international level. Of course, it would
be of greater interest to compare regional variations
within different countries and not regional variations
within Germany with international countries at nation-
al levels but such comparisons have to be postponed
until future research work is carried out.

Figure 14 shows that life expectancy at birth in Ger-
man regions is located in the upper quartile of the in-
ternational countries’ life expectancies. With regard to
female German regional life expectancy, it can been
seen that some countries perform better than the Ger-
man region with maximum female life expectancy at
birth. Details are provided in Figure 15. Interestingly,
with regard to German regional male life expectancy,
some German regions outperform the country with
maximum international male life expectancy. To make
the comparison more detailed, only a selection of inter-
national countries is considered in a second step. For
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Figure 14: Life expectancy at birth, comparison of German counties and cities with inter-

national countries, boxplots

females and males only, those countries were included
in the comparison which had higher or equal life ex-
pectancy than the German region with minimum life
expectancy in each group. This approach allowed the
set up of Figure 15. In this figure German counties and
cities are represented again by boxplots as described
above, separately for females and males. The positions
of the selected international countries are marked by
vertical lines below (barcode plot) and the names of
the countries with life expectancies in parentheses are
tabulated thereunder. For females life expectancy at

national level in Hong-Kong and Japan even outper-
forms the best performing German region. For males
additional data analysis showed that indeed 8 German
regions had a life expectancy which was above the
level of the internationally best performing country, i.e.
Iceland.
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72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
L 1 1 1 1 1 1 1 1 1 1 1 1 1 ]
[years] German regions (N=438)
1
I
Females
L O 11 A1
Cuba (79.9) Malta (81.4) Germany (81.8) Sweden (82.8)
Virgin Isl. (U.S.) (80.0)  Portugal (81.4) Korea, Rep. (81.9) Iceland (83.1)
Denmark (80.2) Greece (81.5) Austria (82.2) Italy (83.2)
United States (80.7) Unit. Arab Emir. (81.5) Luxembourg (82.3) Australia (83.3)
Costa Rica (81.0) Singapore (81.6) Finland (82.3) France (83.8)
United Kingdom (81.1) Netherlands (81.6) Belgium (82.4) Spain (83.9)
Channel Islands (81.2) Cyprus (81.7) Norway (82.5) Switzerland (83.9)
Chile (81.2) Israel (81.8) Puerto Rico (82.5) Hong Kong, China (84.5)
Bermuda (81.3) New Zealand (81.9) Macao, China (82.6) Japan (85.6)
Slovenia (81.3) Ireland (81.8) Canada (82.7)

German regions (N=438)

I R . Wales
Albania (73.1) Finland (75.5) France (76.8) New Zealand (77.7)
Barbados (73.7) Kuwait (75.4) Unit. Arab Emir. (76.9) Canada (77.8)
Oman (73.7) Denmark (75.6) United Kingdom (76.9) Singapore (77.9)
Bahrain (74.0) Cuba (75.8) Cyprus (77.0) Macao, China (78.2)
Slovenia (74.1) Bermuda (75.9) Ireland (77.1) Sweden (78.4)
Puerto Rico (74.3) Luxembourg (76.2) Netherlands (77.2) Australia (78.5)
Qatar (74.6) Germany (76.2) VirginIsl. (U.S.) (77.2)  Switzerland (78.7)
Brunei Daruss. (74.7) Costa Rica (76.2) Spain (77.4) Hong Kong, China (78.8)
Portugal (74.9) Channel Isl. (76.3) Italy (77.6) Japan (78.7)
United States (74.9) Greece (76.6) Israel (77.7) Iceland (79.2)
Korea, Rep. (75.1) Belgium (76.7) Norway (77.7)
Chile (75.2) Austria (76.7) Malta (77.7) ©2009 edenharter research
| L L L L L L L L L L L L L 1
72 73 74 75 76 77 78 79 80 81 82 83 84 85 86

Figure 15: Life expectancy at birth, comparison of German counties and cities with selected international countries, boxplots and barcode plots
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4 Conclusions and outlook

This report has provided a detailed description for
the computation of regional life expectancies. A pre-
sentation of the first results for Germany highlighted
different aspects of regional life expectancy: regional
variation of life expectancy, change over time, gender
differences and international comparisons. The find-
ings raised many interesting questions that have to be
answered by future research work.

From the experience that we gained by conducting
this kind of analysis, it became evident that regional life
table analysis is useful and feasible even with regions
as small as NUTS level 3 units. No relevant technical dif-
ficulties are expected doing it at a much larger scale,
e.g. at the level of the European Union. The number of
all EU-27 NUTS level 0 to NUTS level 3 units is about
1700. This is less than three times the number of units
that we had used in our analysis where the number of
regional units was equal to 595. A larger concern will be
the limitations that were already outlined above and
which will be of higher relevance if a group of more
heterogeneous countries is involved: validity of popu-
lation and death data and comparability problems of
administrative regional units. At least in the longer run
and with continuing success of EU wide harmonization
it can be expected that none of these problems will be
a fundamental issue. Of course, also non-EU countries
should be considered. Further candidate countries for
doing regional life table analysis are Russia and the
United States. For Russia, regional mortality analysis
has already been done and corresponding databases
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are available [1]. Based on harmonized methods, these
data can be used for an analog approach such as ours.

Overall, regional life table analysis is a promising
area for future epidemiological research that can pro-
vide valuable insights which can be used to improve
the living conditions of populations worldwide. In the
following we provide a short overview of what has al-
ready been done with life expectancy data from this
project and what is planned for the future.

The life expectancy data has already been used to
adjust survival rates of German dialysis patients for re-
gional background mortality. Such an approach takes
into account that dialysis units across the country are
operating within regional populations of different
health. Data from the German Renal Registry have also
been used to calculate relative survival models. For this
purpose the abridged life tables were extrapolated to
complete life tables as described in [5].

Further research work will cover the epidemiological
modeling of regional German life expectancy. Work on
this has already started. Regional disparities within Ger-
many had originally motivated this kind of research.The
actual economic development which can be described
as the largest global recession since the Great Depres-
sion of 1929 and after will deepen regional disparities
even more. Life expectancy data are appropriate to
describe the regional health outcomes of substantial
economic change. Global recession will result in higher
unemployment and lower income. Regions will be af-
fected differently according to their dependence on
their industrial structure. First preliminary results de-

Regional life expectancy in Germany

scribing the effects of unemployment on regional life
expectancy in Germany were presented in March 2009
at an international seminar in Berlin on “Health Issues
during International Recession, Globalisation and Eco-
nomic Restructuring”. Attendees of this seminar were
representatives of the EU Commission, WHO, ILO, OECD
and international academic researchers. Material from
this project will also be used in the final report of the EU
project “Development of Macro Indicators of Restruc-
turing and Workers'Health” (principal investigator: Prof.
Dr. M. H. Brenner). It is planned to present more com-
prehensive epidemiological models at the 5th Interna-
tional Vilnius Conference “Knowledge-Based Technolo-
gies and OR methodologies for Strategic Decisions of
Sustainable Development” (KORSD-2009), September
30-October 3, 2009, Vilnius, Lithuania. A separate
sub-project will focus on the modeling of gender dif-
ferences of regional life expectancy. Publications are
expected to be finalized at the end of the year 20009.
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