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Abstract

Background: This study examines differences in life expectancy between Germany's
most affluent and most deprived areas.

Methods: Nationwide data from the cause-of-death statistics from 2003 to 2022
were linked with official population data to calculate the average life expectancy of
females and males in each of Germany’s districts. Regression analysis was used
to assess the association with the German Index of Socioeconomic Deprivation
(GISD) at district level and calculate the life expectancy gap between the most and
least deprived areas.

Results: In the period 2020—2022, life expectancy in the most deprived areas was
4.3 years (females) and 7.2 years (males) lower than in the least deprived areas. In
the period 2003 -2005, this life expectancy gap was still 2.6 and 5.7 years. The
widening of the life expectancy gap resulted from a less favourable development
of life expectancy in the most deprived areas. It was already evident before and in-
tensified during the COVID-19 pandemic.

Conclusions: The increasing life expectancy gap indicates that health inequality in
Germany is increasing. As a result, the development of a strategy to improve health
equity is more important than ever to be placed on the policy agenda.

Keywords: Social determinants, Health inequality, Life expectancy, Mortality, Re-
gional deprivation

1. Introduction

Numerous studies have shown a close relationship between socioeconomic posi-
tion and health in the population [1-3]. Even in a high-income country like Ger-
many, people in socioeconomically disadvantaged circumstances have poorer
health and higher risks of disease than those in more advantaged socioeconomic
circumstances [4,5]. As an extreme manifestation, health inequality is reflected in
earlier death and shorter life expectancy of people in socioeconomically disadvan-
taged groups [6,7].

Life expectancy is an important summary measure of the health status of a
population. It indicates how many years a newborn can expect to live on average
if mortality rates during a given period remain constant throughout his or her life-
time [8,9]. Differences in average life expectancy between socioeconomically dis-
advantaged and privileged groups can be understood as a global measure of the
degree of health equity within a country.

On the one hand, socioeconomic mortality differentials within a country can
be observed between groups of individuals, e.g. between individuals with low and
high income [6, 10, 11]. On the other hand, they can also be identified at the area
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level, i.e. between the local populations of socioeconomical-
ly disadvantaged and affluent areas of a country, as is the
case in Germany [12-14]. For Germany as a whole, data from
2019 show that women and men residing in the socioeco-
nomically most disadvantaged fifth of areas have a 33 % and
43 % higher risk of premature death, respectively, than their
peers in the most affluent fifth of areas [13]. This is reflected
in the shorter life expectancy of females and males in disad-
vantaged areas [12, 15]. Findings on area-level socioeconom-
ic differences in mortality not only allow conclusions to be
drawn about the degree of health equity, but also about the
equivalence of living conditions in Germany [16]. The goal of
‘establishing equivalent living conditions throughout the fed-
eral territory’ has been enshrined in Article 72 of the German
Basic Law, Germany’s constitution, since 1994.

This paper presents calculations of the socioeconomic
‘life expectancy gap’ between Germany’s areas, i.e. the dif-
ference in life expectancy between the most and least de-
prived areas in the country. In order to draw conclusions
about the development of social inequality in life expectan-
cy across Germany, both current findings and time trends
of this life expectancy gap since the beginning of the 2000s
are presented.

2. Methods
2.1 Data

The analysis is based on data from the German official cause-
of-death statistics [17], official population updates and Ger-
man Index of Socioeconomic Deprivation (GISD) [15] for the
period from 2003 to 2022. The cause-of-death statistics con-
tain information on all officially registered deaths of persons
with permanent residence in Germany. In addition to the
dates of birth and death, sex and cause of death, place of
residence is available in the data. This allows the data to be
analysed at a small-area level and linked with other area-based
data in compliance with data protection regulations and con-
fidentiality rules. The linkage was conducted at the level of
Germany’s 400 districts. The life expectancy values for the
whole of Germany stem from the information system of Ger-
many’s federal health reporting [18]. To calculate district-spe-
cific life expectancies in the present study, the microdata from
the cause-of-death statistics were analysed at the Office for
Statistics Berlin-Brandenburg’s on-site workstations for guest
researchers. To calculate the life expectancy gap (see calcu-
lation method below), this life expectancy data was then
linked at the Robert Koch Institute with the district-specific
GISD value of the intermediate year in a 3-year period. Due
to the higher life expectancy of women, the calculations were
conducted separately for females and males. The analysis
was performed using Stata 17.0 SE (StataCorp LLC, College
Station, TX, USA).

Key messages

» Women and men in Germany’s most deprived areas
have a significantly shorter life expectancy than
those in the most affluent areas.

» In the 2000s and from the mid-2010s onwards, the
life expectancy gap between Germany’s affluent and
deprived areas widened.

» The widening of the life expectancy gap was
exacerbated during the COVID-19 pandemic.

> Life expectancy has developed less favourably in
deprived than in affluent areas.

2.2 Area-level socioeconomic deprivation

To determine the socioeconomic situation of the deceased’s
area of residence, the GISD [15, 19] was used at the level of
Germany'’s 400 districts (GISD Release 2025 v1.0). GISD is
a measure of relative socioeconomic deprivation in areas of
Germany and is composed of nine spatially aggregated sin-
gle indicators, which represent the three core dimensions of
socioeconomic inequality (education, employment, income).
Each dimension is represented by three single indicators. Ex-
amples are the proportion of school dropouts without certif-
icate, the unemployment rate or the average disposable
household income in the areas. The single indicators are
weighted in their dimension by their factor loadings, which
are derived from a principal component analysis. Subsequent-
ly, the three dimensions of education, employment and in-
come are equally weighted in the total index. After normali-
sation, the GISD ranges from 0 (least deprived) to 1 (most
deprived) [15].

2.3 Calculation of the life expectancy gap

To calculate the life expectancy gap between the most and
least deprived areas, we first calculated average life expec-
tancy at birth (in years) for each district using life tables [8].
The life tables were calculated using combined 5-year age
groups and in moving 3-year periods in order to minimise
random fluctuations in small districts with small numbers
of deaths. Using linear regression, the life expectancy values
of the districts were then regressed on the districts’ GISD
values. As the GISD varies from 0 to 1, the regression coef-
ficient indicates by how many years life expectancy differs on
average between the most and least deprived districts. In
each 3-year period, the GISD extreme values of 0 and 1 were
each represented by one district.
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Figure 1: Average life expectancy in districts by sex and area-level socioeconomic deprivation, 2020—2022. Explanation of the x-axis: 0=lowest deprivation,
1=highest deprivation. Source: Own calculations based on cause-of-death statistics [17], population updates and the German Index of Socioeconomic

Deprivation (GISD) [15,.19]

Using the regression-based method, the life expectancy
and deprivation values of all districts were included in the
calculation of this difference (Figure 1). This way, the inequal-
ity of life expectancy was considered across the entire range
of district-level socioeconomic deprivation in Germany and
summarised in one figure. As an extreme comparison, this
value reflects the life expectancy gap between the most and
least deprived areas per 3-year period, which corresponds to
the distance of the y-values (life expectancy) between the
highest and lowest x-values (socioeconomic deprivation) on
the fitting line in Figure 1. The regression-based calculation
also contributes to the robustness of the ‘life expectancy gap’
indicator, as the inclusion of values from all districts com-
pensates for random fluctuations in single, e.g. low-popula-
tion districts.

In addition, the question of whether changes in the life
expectancy gap were due to changes in life expectancy in the
most and/or least deprived areas was investigated. For this
purpose, the life expectancy values for areas with GISD=0
and areas with GISD= 1 were estimated from the above-men-
tioned regression, separately for each 3-year period.

3. Results

In the first 3-year period from 2003 to 2005, average life ex-
pectancy was 81.8 years for females and 76.2 years for males.
Over the period considered, life expectancy increased to a
total of 83.2 years for females and 78.3 years for males in
2020 to 2022.

According to the calculation of the life expectancy gap
described above, between 2020 and 2022, females in the most
deprived areas had a life expectancy that was 4.3 years short-
er than among females in the most affluent areas, i.e. those

Table 1: Life expectancy gap (in years) between Germany’s most and least
deprived areas across moving 3-year periods, 2003—2022. Source: Own
calculations based on cause-of-death statistics [17], population updates
and the German Index of Socioeconomic Deprivation (GISD) [15,19]

Females Males
(years) (years)
2003-2005 2.6 5.7
2004-2006 2.8 5.8
2005-2007 2.6 5.5
2006-2008 2.6 5.6
2007-2009 2.8 5.8
2008-2010 3.0 6.2
2009-2011 33 6.3
2010-2012 3.1 6.1
2011-2013 3.0 6.0
2012-2014 2.9 5.7
2013-2015 2.8 5.7
2014-2016 2.9 5.8
2015-2017 3.0 5.9
2016-2018 33 6.1
2017-2019 33 6.2
2018-2020 3.5 6.4
2019-2021 3.8 6.6
2020-2022 43 7.2
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Figure 2: Average life expectancy in Germany’s most and least deprived areas, 2003—2022. Source: Own calculations based on cause-of-death statistics [17],
population updates and the German Index of Socioeconomic Deprivation (GISD) [15, 19]

in the least deprived areas. For males, this life expectancy
gap was 7.2 years. In the 2000s, the life expectancy gap
widened from initially 2.6 years for females and 5.7 years for
males in 2003 to 2005 to 3.3 and 6.3 years in 2009 to 2011,
respectively (Table 1). While the life expectancy gap slightly
narrowed at the beginning of the 2010s, a renewed widening
was observed from the mid-2010s onwards. The widening
intensified in the period of the COVID-19 pandemic from
2020, so that the highest values for the life expectancy gap
were observed at the end of the 20-year period under consid-
eration. Over the entire period from 2003 to 2022, the life
expectancy gap was considerably larger among males than
females.

The distance in average life expectancy between the most
and least deprived areas shown in Figure 2 corresponds to
the life expectancy gap. The widening of the life expectancy
gap in the 2000s occurred because the most deprived areas
benefited less from the general life expectancy gain than the
least deprived areas. The renewed widening of the life expec-
tancy gap from the mid-2010s onwards resulted from the fact
that life expectancy largely stagnated in the most deprived
areas, whereas it further increased in the least deprived are-
as (Figure 2). During the COVID-19 pandemic, life expectan-
cy declined primarily in highly deprived areas, resulting in
the further widening of the life expectancy gap from 2020
onwards.

4. Discussion

The results show considerable differences in life expectancy
across Germany to the disadvantage of women and men liv-
ing in socioeconomically disadvantaged areas. As life expec-
tancy has developed more favourably in the most affluent
compared to the most deprived areas, the socioeconomic life
expectancy gap between areas has widened in recent decades.

This widening of the life expectancy gap was exacerbated dur-
ing the COVID-19 pandemic by a significant decline in life
expectancy in areas of high socioeconomic deprivation.

Empirical research into socioeconomic inequalities in life
expectancy and their change over time provides important
insights into how health equity develops within a country. It
is therefore an essential component of national public health
surveillance, especially since improving health equity and re-
ducing health inequalities are declared core objectives of
public health and part of the Essential Public Health Opera-
tions defined by the World Health Organization [20, 21].

The widening of socioeconomic inequalities in life expec-
tancy over the last decades, as indicated by the present find-
ings, has already been visible in previous studies from Ger-
many [10,22] and has also been reported for some other
western countries such as the United States, Norway or Den-
mark [23-25]. It is internationally assumed that a variety of
factors at the societal level can influence the development of
health inequalities within a country, including, for example,
economic developments, social change, austerity policies
and associated reorganisations of the welfare state, labour
market, tax system and public services, access to health ser-
vices or taxation of health-endangering products [26, 27]. Dur-
ing the COVID-19 pandemic, the widening of the life expec-
tancy gap in Germany intensified because COVID-19-related
mortality was highest in deprived areas [12, 28], and aspects
of infection control may also have played a role. Further re-
search is needed to examine which social, economic, politi-
cal or, possibly, medical developments in Germany contribut-
ed to the widening of the socioeconomic life expectancy gap
in recent decades and the relative importance each of these
factors had in this process.

However, the possibilities for research into socioeconom-
ic inequalities in life expectancy are considerably more lim-
ited in Germany than in many other high-income countries
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because there are no national mortality data available in Ger-
many that contain individual-level socioeconomic informa-
tion. This is mainly due to the fact that the German census
does not include a mortality follow-up, that the death certif-
icates do not record socioeconomic characteristics of the
deceased, and that there is no nationwide mortality register
that could be linked to individual socioeconomic informa-
tion [29,30]. Thus, other data and methods must be used in
Germany. In addition to long-term follow-ups of population
samples [6,31] and routine data from the social insur-
ances [10, 11, 32], ecological study designs can partially bridge
this information gap in Germany. Correlational studies at the
area level, such as those conducted in the present article, be-
long to this type of study.

Moreover, the investigation of socioeconomic inequali-
ties in life expectancy at the area level also has an independ-
ent value of knowledge, which results from its reference to
the goal of ‘establishing equivalent living conditions through-
out the federal territory’ declared in the German Basic Law
(Art. 72 para. 2 GG). On the one hand, the results can pro-
vide information on the extent to which this goal is being
approached with regard to health and longevity. On the oth-
er hand, they also highlight the fact that the establishment
of equivalent living conditions across Germany is also an
important field of action for pursuing the public health ob-
jective of reducing health inequalities [13].

The finding that socioeconomic differences in mortality
and life expectancy are larger among males than females,
which is also shown by the presented results on the life ex-
pectancy gap between deprived and affluent areas, have al-
ready been reported in previous studies [6, 12,31]. The rea-
sons for this difference might be diverse. Behavioural factors,
i.e. characteristics of a healthy or unhealthy lifestyle, may only
play a minor or partial role in this respect. Although certain
behavioural risk factors, such as smoking or unhealthy diets,
are more prevalent among men than women [33, 34], there
is no consistent pattern according to which socioeconomic
inequality in the prevalence of behavioural risk factors would
generally be larger in men than in women [34-36]. Structur-
al and material factors, such as labour force participation
and working conditions, may play a more important role in
explaining the gender difference in the socioeconomic life
expectancy gap, especially since these factors generally make
a larger contribution to the socioeconomic gradient in health
than behavioural factors [37-40]. Methodological aspects re-
garding the choice of socioeconomic indicators and the
measurement of socioeconomic characteristics in empirical
studies could also contribute to finding different levels of
mortality inequalities between women and men [4]1].

4.1 Methodological strengths and limitations

Using data from the official cause-of-death statistics, com-
plete data of all deaths in Germany could be used to calcu-
late the life expectancy gap. Compared to sample-based cal-
culations, this has the advantage that the results are not
subject to statistical uncertainties that may arise from esti-
mation procedures to extrapolate to the population and from
the quality of the sample (e.g. selection bias). However, the
calculation of the life expectancy gap at the area level (eco-
logical study design) is subject to limitations. In particular,
the possibility of ecological fallacy cannot be ruled out. An
ecological fallacy can occur in studies with this design when
an empirically identified association between two character-
istics at the aggregate level is transferred to the individual
level by way of interpretation, although the association does
not exist at the individual level. Accordingly, the informative
value of the present analysis is limited to the description of
spatial inequalities and the identification of disadvantaged
areas. Conclusions about causal effects and relationships at
the individual level cannot be drawn [15].

Furthermore, it should be noted that in many studies and
analyses, areas are grouped into quintiles according to their
GISD value, i.e. into fifths of areas with similarly high or low
levels of deprivation. In doing so, it is not the full range and
variation of the GISD values that are used like in the metric
variable. This classification is done, for example, to compare
incidence and mortality rates or life expectancies between
high and low deprivation quintiles [12, 13,42, 43]. For the re-
gion-based calculation of the life expectancy gap presented
in our study, however, the GISD was used metrically in its full
resolution. Instead of grouping fifths of areas, the life expec-
tancy in the least and most deprived areas was compared.
This resulted in a larger life expectancy gap than in compar-
isons of quintiles [12].

The regression-based calculation of the life expectancy
gap followed an approach analogous to that used in other
countries. In the United Kingdom, the life expectancy gap
between the most and least deprived areas is quantified by
the Office for Health Improvement & Disparities using the
Slope Index of Inequality (SI1) [44]. The Sll is also a regres-
sion-based summary measure of the difference in a health
outcome (here: life expectancy) between the most and least
deprived groups or areas of a country, calculated by taking
account of the entire distribution and range of a socioeco-
nomic variable (here: deprivation index) [45,46]. However,
due to differences between countries in spatial granularity
and size of areas as well as methods for calculating area-
based deprivation indices, the results cannot be compared
directly [47].

In order to minimise statistical uncertainties and random
fluctuations in small districts with low death counts when
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calculating the district-specific life expectancies, the life ta-
bles were calculated with collapsed age groups and for a cu-
mulative period of three calendar years. In the literature, there
are also approaches that use estimation techniques for this
purpose [48,49], and their results may differ from the ap-
proach used here, which should be considered when inter-
preting and comparing the results.

4.2 Measures and conclusions

The present results confirm findings according to which
health inequalities in Germany have increased in recent dec-
ades and health and life chances between socioeconomical-
ly disadvantaged and affluent areas are diverging [12, 13, 50].
In view of the public health objectives mentioned above and
the goal of establishing equivalent living conditions across
Germany enshrined in the German Basic Law, the develop-
ment of a policy strategy and initiation of suitable measures
to improve health equity in Germany is more important than
ever to be placed on the policy agenda.

To this end, it would first be important to look at the mech-
anisms underlying the emergence and reproduction of health
inequalities. Structural factors such as working, living and
environmental conditions, psychosocial factors such as wor-
ries about the future and chronic stress as well as behaviour-
al factors such as an unhealthy lifestyle can be referred to in
this regard [51,52]. Many of these factors influence the risk
of diseases that contribute to social differences in premature
mortality and life expectancy. These include, for example, car-
diovascular diseases, certain cancers or chronic respiratory
diseases [12, 13]. In addition, ill-health can make social up-
ward mobility more difficult and lead to social downward
mobility [53]. Accordingly, strategies to reduce health inequal-
ities and improve health equity must be multi-facetted. Mea-
sures that are primarily aimed at individual behaviour and
rely, for example, on providing information or incentives for
healthy behaviours are unlikely to be suitable for reducing
health inequalities in the long term on their own. This is be-
cause such measures generally have no or only short-term
effects in disadvantaged socioeconomic groups [54]. Preven-
tive services offered by the healthcare system, such as early
detection examinations or incentive programmes offered by
statutory health insurance funds, are also more likely to at-
tract members of higher socioeconomic groups and to be
taken up by them [55-57]. Such measures therefore run the
risk of increasing health inequalities instead of reducing
them [58,59].

Measures aimed at structural changes in the living con-
ditions and environment of socioeconomically disadvantaged
people have been found to be more effective in reducing
health inequalities [54, 58, 60-62]. This refers to the wider
context as well as local conditions in which people grow up,

work, live and age. In addition to the legal framework such
as regulations on occupational safety, consumer protection,
pollution control and health protection, these can be, for ex-
ample, setting- and community-based interventions for
health promotion and prevention at local level or fiscal and
social policies at societal level.

An empirical example with reference to regional health
inequalities in Germany are increases in social security ben-
efits following German reunification. These were associated
with increases in life expectancy, particularly in the socioec-
onomically less developed areas of eastern Germany [63]. In
order to achieve further progress, interventions that combine
effective measures at multiple levels (society, community, in-
dividual) may be particularly promising for reducing health
inequalities [64, 65]. Complex multi-level interventions to re-
duce health inequalities are still lacking in Germany. In oth-
er countries, such as the United Kingdom or Norway [66-68],
national action programmes to reduce health inequalities
have already been developed and implemented. These pro-
grammes involve various levels of action, focus on priority
public health issues and were supported by several ministries
in the sense of a ‘Health in all Policies’ approach. For the
English strategy to reduce health inequalities, which was im-
plemented between 1999 and 2010, reductions in mortality
inequalities between England’s deprived and affluent areas
could indeed be identified [69, 70].

These experiences suggest that a comprehensive and
cross-policy action strategy can achieve success in reducing
health inequalities. In addition, not only various policy de-
partments should be involved, but also a large number of
stakeholders from research, practice, politics and civil soci-
ety. People from socially disadvantaged groups should also
be actively involved in order to be able to incorporate their
concerns and perspectives and develop effective measures.
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