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a b s t r a c t
All developed nations use indicators to monitor the health of their populations, but few
nations provide a systematic monitoring of indicators for small regional units. The present
study aims to contribute to the literature a single graph that provides a quick and comprehensive overview of the level of and trend in avoidable mortality in each German district as
compared to the national average and development. Using mortality data from the German
Federal Statistical Ofﬁce, I calculated the age-standardized number of avoidable deaths,
separately for men and women, in each of the 413 local districts in Germany between 2000
and 2008.
For men, the graph illustrates that the districts with the highest rates of avoidable mortality are still located in the former East German states, but that some of these districts have
improved signiﬁcantly between the years 2000 and 2008 and are approaching the nationwide average. The graph for women shows slightly different results. Here, many urban areas
show high rates of avoidable mortality with both favorable and unfavorable trends.
Health professionals could use the graph to establish realistic benchmarks that are based
on countrywide comparisons of districts to a national average and trend, which may in turn
help them to identify local districts in need of primary or secondary prevention programs
or a more effective provision of health care.
© 2012 Elsevier Ireland Ltd. All rights reserved.

1. Introduction
Germany is one of the few countries in the world where
equality of living conditions among regions (the German
Bundesländer) is constitutional law [1]. Equitable access to
health care and an equal chance at a healthy life for all citizens are generally understood to be part of this goal [2].
Furthermore, the idea of a right to health care and equality
of living conditions is closely linked to the World Health
Organisation’s (WHO) view that the main goals of a health
system should be to improve the health of a population, and
to try to respond to the reasonable health care expectations
of those populations [3]. Together these constitutional
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mandates and international postulations may provide the
theoretical justiﬁcation for the systematic monitoring of
health indicators related to the availability and provision
of health care.
Moreover, monitoring health at a local level may inform
supply planning in both the outpatient and inpatient
sectors. The responsibility for achieving equitable access
to health care in Germany has been delegated to the
self-administered bodies of the statutory social health
insurance (SHI), which covers almost 90% of the German
population [4]. In the outpatient sector, the associations of
SHI physicians (Kassenärztliche Vereinigungen) in each Bundesland are legally obliged to provide an equitable level of
health care to all ambulatory patients, according to their
needs. They attempt to meet this objective through socalled ‘needs-based planning’, which regulates the number
of physicians that are authorized to open a practice in
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each planning region (the 395 planning regions largely
correspond to the 413 German districts) on the basis of
nationally deﬁned physician–population ratios [5]. Similarly, the inpatient sector is managed at the state level, but
the planning process is often linked to the district level.
Providing information on health outcomes that reﬂect the
quality of health care provisions in the planning units may
be helpful in determining how to meet the health care
needs of the populations in these small regional units.
Currently, all developed nations use health indicators
to monitor the health of their population at the national or
large-scale regional levels, but only some nations provide
a systematic monitoring of indicators for small regional
units comparable to local districts in Germany. Good
examples of health monitoring are the U.S. Dartmouth
Atlas of Health Care, the English NHS Atlas of Care, the
Austrian “Österreichischer Strukturplan Gesundheit”, the
Dutch “Zorgatlas des Nivel” or the newly introduced French
“Agences regionales de santé”. The Dartmouth Atlas for
Health Care, for example, not only documents how medical
resources are distributed and used in the United States, but
also provides a benchmarking tool that enables the comparison of data from regions or hospitals with the national
average or state average [6]. On the active policy side,
the U.S. state of Oregon serves as an example of a state
that has used health benchmarks as part of a long-term
project to monitor health and carry out strategic planning.
Since 1994 county health departments in Oregon have been
required to set yearly priorities and targets in accordance
with selected benchmarks [7].
Similar data-gathering initiatives do exist at the district
level in Germany, but there is a lack of systematic monitoring or inclusion of the results in strategic planning or
ﬁnancing decisions. Moreover, most of the indicators focus
only on health expectancy or mortality. These indicators
are, however, inﬂuenced by both a high number of deaths
in old age and systematic inﬂuences by other determinants
including environmental, socioeconomic and lifestyle factors. This implies that they do not necessarily reﬂect the
effectiveness of the health care system but primarily the
inﬂuence of other non-health system determinants.
The present analysis addresses these shortcomings and
presents a tool for monitoring and planning health that
is based solely on data for avoidable mortality. The indicator ‘avoidable mortality’ incorporates the notion that
deaths from certain causes would not occur given effective
prevention measures, or timely and appropriate access to
health care, and thus aims to provide a health outcomes
measure that reﬂects the effectiveness of health care [8,9].
In order to account for the fact that the effectiveness of
(primary and secondary) prevention and treatment of manifest illnesses substantially decreases after a particular age,
only deaths before a speciﬁed age (e.g. 70), were considered
avoidable.
Various lists of causes of death considered to be preventable or amenable to health care have been published,
each of which are based on a different conceptualisations of
avoidable mortality [9–23]. In this study, I chose to rely on
the list of avoidable deaths compiled by Nolte and McKee
[24], whose selection of causes of death is based on earlier work by Tobias and Jackson [25], who updated a list

provided by Charlton et al. [26] and by Mackenbach [27].
Nolte and McKee selected conditions that were considered
to be amenable to secondary prevention or medical treatment. In line with a later list published by Page et al. [28]
who compiled a revision of the list developed by Tobias
and Jackson [25], I expanded the list to include additional
types of cancer that have lately been identiﬁed as being
amenable to health care (cancer of the lip, oral cavity and
pharynx and cancer of the liver) or as being potentially
avoidable by primary prevention (cancer of the esophagus and cancer of the trachea, bronchus and lung). Also
added to the list based on Page et al. [28] were trafﬁc accidents, which are avoidable through primary prevention (i.e.
road safety), and alcohol-related diseases, which are avoidable through primary prevention of alcohol misuse and are
to some extent amenable to health care. Page et al. [28]
provide a detailed rationale for including these conditions.
Thus, most of the conditions on the list are amenable to
secondary prevention or health care. A small share of indications, however, is not under the direct control of the
health system but might be responsive to primary prevention programs against smoking and alcohol misuse or
might be inﬂuenced through public policies.1
The concept of avoidable mortality has some important
limitations, chief among which is the selection of causes
of death identiﬁed as potentially avoidable which – even if
well informed – remains ultimately subjective [24]. Second,
the rates of avoidable mortality are not a fully adequate
indicator of health care availability and provision because
they are irrelevant to those services that are focused primarily on relieving pain and improving quality of life [24].
Third, the frequently found high correlation with socioeconomic factors suggests that a large share of differences
in these deaths is determined by socioeconomic-related
differences in lifestyle among regions. While this is to a
large extent true for cardiovascular diseases, most cancer
types and alcohol misuse, other causes of death (for example death following measles or appendicitis) should not be
affected by lifestyle. Moreover, primary and secondary prevention and medical care should contribute to reductions
in potentially avoidable mortality even – or especially – in
deprived areas with high risk factors and a resulting high
need for health care [22].
Table 1 presents an overview of all the types of diseases
considered in this study.
Several previous studies have already investigated differences in avoidable mortality within a single country
[12,14,30–33]. In a 2004 study for Germany, Wiesner and
Bittner [32] used the concept of avoidable mortality to
explain differences in mortality rates and life expectancy

1
Although we aimed, in accordance with the list published by Nolte
and McKee [8], to include Hodgkin’s disease (for the age group one to 70
years) and leukemia (for the age group one to 44 years) in our analysis
as avoidable forms of cancer, mortality data on these two disease entities
were incomplete, perhaps due to an error in the ofﬁcial coding of variables provided to us by the German Federal Statistical Ofﬁce. Considering,
however, that the cancer types account for a rather small proportion of
overall cancer mortality in the relevant age groups [29], it seems unlikely
that the absence of these data has distorted our results in a substantial
way [33].
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Table 1
ICD-10-GM codes for mortality considered preventable or treatable.
Avoidable mortality indication

ICD-10-GM code

Age

Intestinal infections
Tuberculosis
Whooping cough
Other infections (diphtheria, tetanus, poliomyelitis, sepsis)
Measles
Malignant neoplasm of lip, oral cavity and pharynx
Malignant neoplasm of esophagus
Malignant neoplasm of colon, rectosigmoid junction, rectum, and anus and anal canal
Malignant neoplasm of liver
Malignant neoplasm of trachea, bronchus and lung
Malignant neoplasm of skin
Malignant neoplasm of female breast
Malignant neoplasm of cervix uteri
Malignant neoplasm of cervix uteri and body of the uterus
Malignant neoplasm of testis
Malignant neoplasm of bladder
Disease thyroid
Diabetes mellitus
Alcohol-related diseases (excluding external causes)
Epilepsy
Chronic rheumatic heart disease
Hypertensive disease
Ischemic heart disease
Cerebrovascular disease
All respiratory disease
Inﬂuenza
Pneumonia
Peptic ulcer
Appendicitis
Abdominal hernia
Cholelthiasis and cholecystitis
Nephritis
Benign prostatic hyperplasia
Maternal deaths
Perinatal deaths, all causes excluding stillbirths
Congenital cardiovascular anomalies
Trafﬁc accidents
Misdirected medical care

A00–A09
A15–19, B90
A37
A40–A41, A36, A35, A80, M86, M869
B05
C00–C14
C15
C18–C21
C22
C33–C34
C44
C50
C53
C54–55
C62
C67
E00–E07
E10–E14
F10, I46.2, K70, K73–K74
G40–G41
I05–I09
I10–I13, I15
I20–I25
I60–I69
J00–J09, J20–J99
J10–J11
J12–J18
K25–K27
K35–K38
K40–K46
K80–K81
N00–N07, N17–N19, N25–N27
N40
O00–O99
P00–P96, A33, A34
Q20–Q28
V01–V99
Y60–Y69, Y83–Y84

0–14
0–70
0–14
0–70
1–14
0–70
0–70
0–70
0–70
0–70
0–70
0–70
0–70
0–44
0–70
0–70
0–70
0–49
0–70
0–70
0–70
0–70
0–70
0–70
1–14
0–70
0–70
0–70
0–70
0–70
0–70
0–70
0–70
All
All
0–70
All
All

between former East and West Germany after German
reuniﬁcation in 1990. They found that the higher rates
of avoidable mortality initially observed in both men and
women in the former East Germany had decreased by more
than half by 2001. In 2010, Sundmacher et al. conducted
a spatial analysis of variation in avoidable mortality at
the level of the German districts based on mean values
for the years 2000 through 2004. They found that rates
of premature death due to cardiovascular disease were
still considerably higher in former East than in the West
Germany [34]. A later study by Sundmacher and Busse [35]
focused on avoidable cancer deaths and investigated the
causal relationship of potentially avoidable cancer deaths
to physician density using an instrumental variable regression approach. They found that higher physician density
slightly reduced the number of avoidable cancer deaths.
However, no study to date has systematically compared
differences in potentially avoidable mortality among local
districts and over an extended time period. The present
study aims to contribute to the literature a graph that illustrates relative levels and time trends in avoidable mortality
among the 413 German local districts for men and women
separately. The graph strives to provide a benchmark for
theoretically attainable lower levels in mortality that could

potentially be achieved through effective primary or secondary prevention, or timely and appropriate access to
health care in local districts. Although the graph is primarily of interest to German public health professionals, it may
also be relevant for neighboring European countries, which
could use the concept of the graph for their own health
monitoring.
2. Methods
2.1. Data
Mortality data at the level of German districts have been
maintained by the German Federal Statistical Ofﬁce since
1991 but were not made available to the public until 1998.
At the individual level, data are gathered in each local district and include information on age and region, as well as
the complete ICD code (as reported on death certiﬁcates)
for all persons one year of age or older. Infant mortality (deaths of children under the age of one year) is not
reported in the mortality statistics. In the present study, I
used the German modiﬁcation (GM) of the 10th revision
of the International Classiﬁcation of Diseases (ICD-10) to
identify deaths that can be considered avoidable and which
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took place between 2000 and 2008. Then, in concordance
with the great body of literature on avoidable mortality,
I set an upper age limit beyond which deaths could no
longer be considered preventable or amenable to health
care. In doing so I chose, in line with the German Robert
Koch Institute, the conservative upper value of 70 years for
most indications [33,36] (the age limit is lower for some
indications).
Finally, for each year in the dataset, I calculated the
age-standardized number of avoidable deaths separately
for men and for women in each of the 413 districts that
existed in Germany between 2000 and 2008 (i.e., prior to
an administrative reform that slightly reduced the number
of districts). The districts in Germany correspond to level 3
of the Nomenclature of Statistical Territorial Units system
developed and used by the European Union for statistical
and other purposes2 [37].
2.2. Graphic visualization
In this study I sought to visualize both levels and time
trends in avoidable mortality in German districts over nine
years in one graph. To do so, I constructed a coordinate
system that situates the level of avoidable mortality on the
vertical axis and time trends in avoidable mortality on the
horizontal axis. The vertical axis reﬂects the nationwide
average in avoidable mortality for men and for women.
Positive values on the vertical axis (which fall in the northern quadrants) reﬂect levels of avoidable mortality that are
higher than the nationwide average, while negative values
(which fall in the southern quadrants) reﬂect levels lower
than the national average. A value of 20 implies, for example, that there are 20 more avoidable deaths per 100 000
inhabitants in the district than there are per 100 000 inhabitants on average in the nation as a whole.
The point of origin on the horizontal axis reﬂects the
average nationwide trend in avoidable mortality for the
years 2000 through 2008. Positive values reﬂect a slower
rate of decrease in avoidable mortality or even an increase
(above a certain value) in relation to the average decrease in
avoidable mortality over the nine years. The negative values reﬂect a rate of decrease that is faster than the national
trend between 2000 and 2008.
To obtain these values for each district, I considered two
models: one restricted and one unrestricted linear regression model. The restricted model regressed the average
of avoidable mortality in the 413 districts on a continuous variable that was increasing in the years 2000–2008.
The results of this regression showed a highly signiﬁcant
negative linear trend in avoidable mortality throughout
Germany. The unrestricted model included two additional

2
The NUTS-regions are based on the existing national administrative
subdivisions. In countries where only one or two regional subdivisions
exist, or where the size of existing subdivisions is too small, a second
and/or third level is created. This may be on the ﬁrst level (ex. France, Italy,
Greece, and Spain), on the second (ex. Germany) and/or third level (ex.
Belgium). In smaller countries, where the entire country would be placed
on the NUTS 2 or even NUTS 3 level (ex. Luxembourg, Cyprus, Ireland),
levels 1, 2 and/or 3 are identical to the level above and/or to the entire
country.

parameters: the differential intercept and the differential
time slope for one of the 413 districts. The differential time
slopes gave the values for the vertical axis. In total, I estimated 413 models for each of the German local districts
and plotted the differential slope onto the coordinate system. The estimation approach is visualized in Fig. 1 and
explained in Appendix A.
Fig. 1 shows that the graph breaks the data down into
four quadrants. The northeast quadrant contains red data
points for local districts with relatively higher rates of
avoidable mortality, which are decreasing more slowly or
even increasing as compared to the nationwide trend. The
threshold for the change from absolutely decreasing to
increasing rates in avoidable mortality is indicated by the
red dotted line in the east quadrants. The northwest quadrant contains yellow data points for the districts where the
level of avoidable mortality is higher but decreasing more
quickly as compared to the nationwide trend. The southeast quadrant contains light green-colored districts with
lower levels of avoidable mortality. In these districts, rates
are decreasing more slowly or are even increasing in comparison to the national trend. The threshold for the change
from decreasing to increasing rates in avoidable mortality
is again indicated by the red dotted line in the east quadrants. The southwest quadrant shows dark green-colored
districts with a lower level of avoidable mortality that is
also decreasing more quickly than the nationwide trend.
Before plotting the graph, I tested whether the unrestricted model was nested in the restricted model for each
local district using a simple F test. If the hypothesis of a
nested model was rejected at the 10% level or lower, I had
moderate evidence that the trend and level of avoidable
mortality in that local district was statistically different
from the nationwide trend and level. If there was no evidence for statistical difference, the data points were colored
in blue. Although the data on avoidable mortality is based
on the total population data, and signiﬁcance tests are usually used to indicate whether or not the variation across
units is due to chance or function sampling, I opted to conduct the tests because the population size varies greatly
between local districts. The test therefore allowed for both
a very high level of variation in avoidable mortality in districts with smaller populations over time and more stable
trends in districts with a greater population size. In this
way, I viewed avoidable mortality in districts as the result
of a probability process that unfolds over time.
3. Results
Figs. 2 and 3 illustrate trends and levels of avoidable
mortality for men and women across Germany from 2000
to 2008. Avoidable mortality decreased from about 134
deaths in men per 100 000 population in 2000 to about 110
deaths in men per 100 000 population in 2008, reﬂecting a
linear reduction of about 2.78 deaths per 100 000 each year.
On average there were about 122 avoidable deaths in men
per 100 000 population each year between 2000 and 2008.
The level of avoidable mortality in women in Germany was
about 60 per 100 000 population in 2000, with a linear
reduction of about 0.53 avoidable deaths each year through
2008. On average, there were roughly 58 avoidable deaths
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Fig. 1. Estimation and visualization approach for monitoring health outcomes.

Fig. 2. Levels and trend in avoidable mortality in men.

in women per 100 000 population each year between 2000
and 2008.
A slope equal to or higher than 2.78 for men and 0.53 for
women indicates absolutely increasing avoidable mortality
over the observed time period.

Fig. 3. Levels and trends in avoidable mortality in women.

Fig. 4 shows the distribution of levels and trends in
avoidable mortality for men in the 413 German local districts for the years 2000–2008. The blue data points indicate
that the model for each district is nested in the model
for all of Germany while the other colors show moderate
evidence that the model for each district is statistically different from the national model. A closer look at the data
points reveals a round-shaped data cloud centered on the
origin, with less variation in the south quadrants than in the
north quadrants. Positive deviations from the nationwide
average level of avoidable mortality are therefore far higher
(with up to 90 additional deaths per 100 000 per year) than
negative deviations (with only up to 50 fewer avoidable
deaths). In addition, the wide distribution of data points in
the northwest quadrant indicates a high degree of variation
where the districts with higher but more quickly decreasing avoidable mortality rates compared to the nationwide
trend are shown. What stands out here is that districts
in this quadrant are located primarily in the former East
Germany, especially in Mecklenburg-Western Pomerania
and Brandenburg. Rural areas are also disproportionately
represented. The districts with higher levels and an unfavorable trend are located not only in former East Germany,
but also in the western parts of Germany. Most ﬂourishing cities and regions in the south of Germany (Tübingen,
Freiburg and Landkreis Starnberg), on the other hand, are
found in the southern quadrants, and hence have rates of
avoidable mortality that are lower than the national average.
Fig. 5 shows the distribution of levels and trends in
avoidable mortality for women in the 413 German districts for the years 2000–2008. The shape of the data cloud
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Fig. 4. Trend and levels of avoidable mortality in men in one graph.

is similar to the ﬁgure for men, but the amplitude of the
level of avoidable mortality is more equal in both directions. An exception is the outlier Tübingen, which has the
lowest avoidable mortality rate. In contrast to the ﬁgure
for men, the districts falling in the northeast quadrant
show the highest degree of variation. Especially interesting here is that these districts are not primarily located in
former East Germany but also in districts in the West, like
Lüchow-Dannenberg, Aachen Land, Duisburg and Essen.
The districts with higher than average but declining rates
of avoidable mortality, are as well located in eastern (e.g.
Stralsund and Rostock) and western (e.g. Remscheid, Bremen and Bochum) Germany. Interestingly, many of the
districts with high levels of avoidable mortality are urban
(e.g. Essen, Duisburg, Düsseldorf and Frankfurt-Oder) and

not rural areas, as was the case in the graph for men. The
districts in the south quadrants can again be found in the
south and west of Germany with one noticeable exception:
Jena, the district with the second lowest rate, is in former
East Germany.
4. Discussion
The main contribution of this paper is to provide,
through a single graph, a quick and comprehensive
overview of how the level and trend in avoidable mortality in each German local district compares to the national
average and development. Health professionals could use
the graph to establish realistic benchmarks that are based
on countrywide comparisons of districts to a national
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Fig. 5. Trend and levels of avoidable mortality in women in one graph.

average and trend, which may in turn help them to identify
local districts in need of primary or secondary prevention
programs or a more effective provision of health care.
For men, the graph illustrates that the districts with the
highest rates of avoidable mortality are still located in the
former East German states, but that some of these districts
have improved signiﬁcantly between the years 2000 and
2008 and are approaching the nationwide average. The
districts with higher levels and an unfavorable trend are
located not only in economically deprived areas in the East,

but also in western Germany. Interestingly, Hof, Helmstedt, and Bremerhaven are all western German districts
that have witnessed a signiﬁcant population loss over the
past several years. The graph for men thus shows that
economically deprived and so-called shrinking districts
are experiencing the most worrying trends in avoidable
mortality. From earlier studies, it is known that cardiovascular diseases and cancer of the trachea, bronchus and lung
make up the largest share of avoidable mortality in men
in Germany and some newer ﬁgures suggest that those

288

L. Sundmacher / Health Policy 109 (2013) 281–289

diseases are responsible for most potentially avoidable
deaths in economically deprived areas [38].
The graph for women shows slightly different results.
Here, many urban areas show high rates of avoidable mortality with both favorable and unfavorable trends. It is
interesting that many districts with an unfavorable development are located in urban areas, especially in the western
parts of Germany (e.g. Bremerhaven, Duisburg, Essen and
Mönchengladbach). This could be explained by the fact that
for some deaths, in particular deaths potentially avoidable
through primary prevention such as those from lung cancer or alcohol-related diseases, there is an increasing trend
for women in urban areas which is thought to be related to
the increased number of female smokers and higher alcohol consumption among some women [33,34,38]. It should,
however, be noted that while the presented graph helps to
identify the better or worse performing districts, it does
not reveal the causes of death that inﬂuence the trend. This
would necessitate further disaggregation of the avoidable
death ﬁgures into the individual components.
The German districts with low levels of avoidable
mortality for both sexes can mostly be found in the
economically ﬂourishing south of Germany. Southern
Germany not only has better economic indicators, it
also displays the highest physician–population ratios in
Germany. Tübingen, Freiburg, Stuttgart and Heidelberg are
all university cities showing low levels of avoidable mortality across gender and are also known to have one of
the highest physician–population ratios in Germany. It is
difﬁcult to establish a causal relationship between physician density and population health because it is not clear
whether their high number actually improves the quality
of health care provision in those regions, or whether they
chose to practise in areas with already low levels of mortality caused by other determinants [35]. It is, however,
evident that the highest physician–population ratios can
be found in areas with low levels of avoidable mortality
while many districts with high levels of avoidable mortality and worrying socioeconomic indicators have problems
attracting physicians to their areas.
For some time, the Associations of SHI Physicians,
or Kassenärztliche Vereinigungen (KVen), has been criticized for not fulﬁlling their legal mandate of providing an
equitable level of health care to all ambulatory patients
according to their needs, especially in rural areas. The
main criticism is that the scheme bases the optimal
physician–population ratio on a historic distribution of
physicians instead of on a scientiﬁcally proven need-based
measure [5]. In this context, the graph may for example be
used to inform the need-based planning scheme by serving
as a warning system or by providing important information
on the health needs of regions, if necessary broken down by
levels and developments of different indications. The graph
could of course also be used for similar planning purposes
in the hospital sector or may help public health professionals to monitor the development of health outcomes in their
local district in relation to a national benchmark and other
regions.
The graph presented here thus reveals useful and interesting data, but it has also some important limitations.
First, the benchmarks correspond to national averages,

not optimal levels and trends. An analysis of the data for
the quintile of districts with the lowest level of avoidable
mortality would certainly allow us to set more ambitious
and inspiring benchmarks. But taking as a starting point
the goal of equality among regions inscribed in the German
constitution, I chose to base the benchmark on Germany’s
average national level and rate of decrease. Second, the
analysis is based on mortality data which relies on the
validity of death certiﬁcates. However, some differences
in avoidable mortality may be in parts due to systematic
differences in coding between the districts of Bundesländer depending on medical practice habits or views [24].
Further research that develops techniques to identify and
quantify regional coding differences would be desirable.
Third, the German districts vary greatly in size and
population and range from about 35 000 to over 3 million inhabitants, calling the comparability between these
administrative areas into question. I applied signiﬁcance
tests to identify variations in avoidable mortality that may
result from small sample size, which acknowledges but
does not solve the problem of a lack of comparability.
Finally, as an outcome measure, avoidable mortality has
some important limitations that are thoroughly discussed
in the introduction of the paper. It is however important
to reiterate that the concept of avoidable mortality should
not be mistaken for deﬁnitive evidence of differences in
the effectiveness of health care. As Nolte and McKee have
stated: “It should [only] be interpreted as an indicator of
potential weaknesses in health care that may require further investigation” [24].
Appendix A. Regression approach
I considered two models: one restricted and one unrestricted.
The restricted model regressed the average of avoidable
mortality in the 413 districts on a continuous variable that
was increasing in the years 2000–2008:
AMRct = ˛1 + ˇ1 Yt + ε

(1)

where AMR is the age-standardized avoidable mortality
rate in district c in year t. Y is the continuous variable that
is increasing in the years 2000–2008. ˛1 and ˇ1 are the
coefﬁcients to be estimated. ε is the error term.
The unrestricted model included two additional parameters: the differential intercept ˛2 and the differential time
slope ˇ2 for one of the 413 districts. D is a vector of dummy
variables that take a value of one for each of the 413 local
districts c.
AMRct = ˛1 + ˛2 Dc + ˇ1 Yt + ˇ2 Yt Dc + ε

(2)

In total, I estimated 413 models for each of the German
local districts.
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