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District-Level Mortality Convergence in Reunified Germany:
Long-Term Trends and Contextual Determinants
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ABSTRACT The mortality gap between former East and West Germany decreased
rapidly in the decade following the reunification of the country in 1990. However,
because no previous study has estimated life expectancy (e,) over time for all German
districts, the extent of mortality convergence across districts and its determinants are
largely unknown. We used a novel relational Bayesian model to estimate district ¢, in
Germany during 1997-2016, examined mortality convergence using a novel conver-
gence groups approach, and explored the role of selected district characteristics in the
process. Differences in ¢, between German districts decreased for both sexes during
19972016, mainly driven by rapid mortality improvements in eastern German dis-
tricts. However, considerable heterogeneity in district-level ¢, trajectories within fed-
eral states was evident. For example, district clusters in northwestern Germany showed
increasing e, disadvantage, which led to a north—south divergence in mortality. A mul-
tinomial regression analysis showed a robust association between the ¢, trajectory and
the district-level tax base and long-term unemployment but not with hospital density.
Thus, an equitable “leveling up” of health seems possible with policies investing in
places and the people who inhabit them.

KEYWORDS Regional mortality disparities * Small-area studies ¢ German
reunification ¢ Regional development « Political epidemiology

Introduction

The mortality gap between former East and West Germany closed rapidly in the
decade following the country’s reunification in 1990 (Grigoriev and Pechholdova
2017; Vogt 2013). Postreunification mortality convergence and its potential drivers
have been studied extensively for the former states (e.g., Grigoriev et al. 2021). How-
ever, the extent of long-term mortality convergence across districts and its determi-
nants are largely unknown. Such information could provide key insights into how
reunification policies and regional characteristics shape mortality convergence over
time (Razum et al. 2008) and help guide the federal government’s regional develop-
ment policy (Hrzic and Brand 2020).

ELECTRONIC SUPPLEMENTARY MATERIAL The online version of this article (https://doi.org/10.1215/00703370
-10422945) contains supplementary material.
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Most previous research on the drivers of postreunification mortality convergence
focused on comparisons of the former East and West Germany, where data availabil-
ity allowed researchers to characterize mortality dynamics before, during, and after
reunification. At the time of reunification, the East—-West German mortality gap was
at its historical maximum and dominated by the East German disadvantage in car-
diovascular deaths (especially cerebrovascular deaths) in middle and older ages for
both sexes and external and digestive system causes of death among younger males
(especially motor vehicle accidents and liver cirrhosis; Clark et al. 2000; Grigoriev
and Pechholdova 2017; Grigoriev et al. 2021; Haussler et al. 1995). Cardiovascular
mortality was declining in East Germany before reunification, but the more precipi-
tous drop that contributed to the observed rapid mortality convergence did not occur
until the 1990s, driven largely by a rapid reduction in cerebrovascular deaths at older
ages (Grigoriev and Pechholdova 2017; Grigoriev et al. 2021). Deaths associated
with motor vehicle accidents increased rapidly during reunification in East Germany
for males aged 15-30 but declined to preunification levels by the late 1990s (Clark
et al. 2000; Grigoriev and Pechholdova 2017; Haussler et al. 1995). Deaths due to
liver cirrhosis increased until the mid-1990s among men aged 30-65 and only slowly
declined, particularly for the older half of this group (Grigoriev et al. 2021).

On the basis of these trends, researchers proposed numerous potential contributors
to the phenomenon of mortality convergence in Germany, including better access to
modern medical technology, the improved social position of eastern German retir-
ees, and changes in health-related behaviors (for comprehensive reviews, see Diehl
2008; Luy 2004). The many changes accompanying reunification complicate disen-
tangling the mechanisms driving the convergence. First, welfare and monetary unifi-
cation almost instantly led to significantly increased pension incomes and purchasing
power for eastern Germans, especially those who were retirees (Ritter 2011; Vogt
and Kluge 2015). Second, liberalized movement led to the migration of an estimated
1.2 million eastern Germans to western Germany after 1990 (Stawarz et al. 2020).
Third, the solidarity tax and Solidarity Pact created substantial investment in eastern
German infrastructure, including health care infrastructure (Ritter 2011; Vogt and
Vaupel 2015). Finally, health-related behaviors (e.g., smoking) began shifting even
before reunification (Grigoriev and Pechholdova 2017; Vogt et al. 2017).

To date, however, less research has examined regional-level postreunification
mortality. Van Raalte et al. (2020) found that despite persistent differences in the eco-
nomic output of German states, mortality differences between states decreased in the
decade after 1991, perhaps owing to postreunification economic transfers between
states. Kibele et al. (2015) examined life expectancy in German districts in 1995—
1997 (the earliest period for which postreunification district mortality data are avail-
able), 2002-2004, and 2009-2011. They found a complex spatial mortality pattern.
Eastern German districts caught up after reunification, with high-mortality hotspots in
economically disadvantaged areas of western Germany (e.g., in the deindustrialized
Ruhr area and North Sea harbor towns) and low-mortality areas emerging in east-
ern Germany (e.g., affluent suburbs in Brandenburg surrounding Berlin). In a study
comparing postreunification mortality dynamics in districts with and without univer-
sity clinics, Vogt and Vaupel (2015) showed that access to high-quality health care
influenced the process of mortality convergence. Miihlichen (2019) studied district-
level mortality in the German Baltic Sea region and found notable disparities between
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urban and rural districts. Finally, in a district-level analysis of Germany in 2015—
2017, Rau and Schmertmann (2020a) found that district-level economic indicators
(e.g., gross domestic product and unemployment and poverty rates) had a stron-
ger cross-sectional association with district life expectancy than population density
or physician density. Their analysis also indicated that these associations differed
between districts in eastern and western Germany.

However, this literature has three key limitations. First, the analyses were limited
to the aggregated level of German states (van Raalte et al. 2020), districts in eastern
Germany (Vogt and Vaupel 2015), districts in two German states (Miihlichen 2019),
or a few time points (Kibele et al. 2015; Rau and Schmertmann 2020a). Second,
although these authors’ conclusions about mortality convergence were based on com-
paring life expectancies and mortality rates, they did not use formal convergence
measures or approaches, such as beta, sigma, or delta convergence. These measures
are helpful in clarifying, formalizing, and quantifying the multifaceted notion of con-
vergence (cf- Heichel et al. 2005; Hrzic et al. 2020; Mascherini et al. 2018). Finally,
with the exception of the Rau and Schmertmann (2020a) analysis, previous district-
level studies did not adjust for potential instability in mortality rate estimates because
of small population sizes at the district level.

Thus, our objectives are systematically examining district-level mortality conver-
gence in the decades since German reunification and, in the process, exploring the
role of selected district characteristics. We begin by assessing overall mortality con-
vergence, which we operationalize as convergence in period life expectancy at birth
(henceforth, e,), using beta and sigma convergence measures. We then examine the
contribution of individual districts to the overall mortality convergence or divergence
pattern by comparing each district’s e, trajectory with the overall average trajectory
(delta convergence). Finally, we explore the association between each district’s e, tra-
jectory and its characteristics, including its tax base, long-term unemployment rate,
hospital density, and average resident age. Our analyses refer to all German districts
during 1997-2016 and are stratified by sex. When our findings depart from the gen-
eral trend, we also report results stratified by decade in the study (1997-2006 and
2007-2016) and by eastern and western Germany.

Our study contributes to research on mortality convergence in three ways. First,
we examine whether east—west mortality convergence emerged because of equitable
improvements in district-level mortality conditions or because of outsized improve-
ments in a few districts. Second, we help clarify the association between district-level
characteristics and postreunification district mortality trajectories. Finally, by interro-
gating the relationships between political, social, and economic integration and mor-
tality convergence, our study adds to the broader literature on the impact of social and
economic policies on spatial health disparities in high-income countries.

Data and Methods

Study Setting

Germany is organized into three administrative levels: federal states, districts, and
municipalities. We focus on districts, both rural (Landkreise or Kreise) and urban
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(kreisfreie Stddte or Stadtkreise), which are the ideal unit of analysis for our study.
In addition to reflecting urban—rural dynamics, districts broadly capture the socio-
economic heterogeneity of populations within federal states. Further, district gov-
ernments play a role in directing spending on infrastructure (including hospitals),
welfare, and local economy (OECD/UCLG 2019). The number of districts in
Germany varied during 1997-2016 but is currently 401. District populations in our
data set range from fewer than 35,000 inhabitants to more than 3.5 million (in Berlin).
No systematic differences in average population size exist between districts of differ-
ent federal states or between eastern and western Germany.

Data

To estimate district-level e,, we extracted district age- and sex-specific population and
death counts for 1997-2016 from the German regional statistics database (Statistische
Amter des Bundes und der Lénder 2021). Because of data limitations, we first adjusted
the death and population counts (see the next section) and then used them in a Bayesian
relational model (see the Estimation of Mortality Schedules section). The relevant data
for the years preceding this period are not publicly accessible. The estimation process
also required mortality schedules for eastern Germany, western Germany, and all of
Germany for the same period. We calculated these schedules from the age- and sex-
specific population and death counts using the Human Mortality Database (2021).

To explore associations between the districts’ characteristics and their mortality
trajectories, we obtained district-level information on economic conditions (tax base
and long-term unemployment rate) and hospital care availability (hospital density).
For each district, we extracted data on the tax potential and the long-term unem-
ployment rate for both sexes combined from the INKAR (Indikatoren und Karten
zur Raum- und Stadtentwicklung) database (Bundesinstitut fiir Bau-, Stadt- und
Raumforschung 2021). We obtained data on the number of hospitals in each dis-
trict for 1997-2016 (1998-2016 for the long-term unemployment rate owing to the
unavailability of 1997 data) from the German regional statistics database (Statistische
Amter des Bundes und der Lander 2021).

Adjusting Death and Population Count Data

To calculate mortality rates by age group, we had to adjust the death and population
counts to overcome four problems: differences in the data set structures for the deaths
compared with the population counts, changes over time in Germany’s administrative
structure, districts’ nonreporting of death counts in the open age category, and dis-
tricts’ nonreporting of cells with counts of one or two deaths.

First, we disaggregated deaths into 19 age groups (0-1, 1-4, 5-9, ..., 80-84,
and 85+) and the population count into 17 age groups (0-2, 3-5, 6-9, 10-14, 15-17,
18-19, 20-24, . . ., 60-64, 65-74, and 75+). Because of these different age groups,
we used the nonstandard age groups 0-9 and 65-74 and the open age group 75+ when
calculating district age-specific mortality rates.
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Second, because of administrative reforms in four federal states, we consolidated
death and population counts in the 37 districts into 15 new districts and recoded three
districts to arrive at a longitudinal data set matching Germany’s administrative struc-
ture in 2017.

Third, 162 districts did not report death counts for either sex in the age categories
75-79, 80-84, or 85+ during 1997-1999. The number of such districts decreased to
65 in 2000, to 50 in 2001-2006, and to 0 thereafter. Because all districts reported total
death counts by sex, we calculated deaths at ages 75+ by subtracting from the total all
deaths reported for lower age categories.

Fourth, during 1995-2008, 42—-68 districts had censored cells with one or two
deaths. We replaced the missing death counts in these cells with 1.5.

Further, to reduce data sparseness, we pooled the data into three-year intervals
to estimate the mortality rates for the middle year. For example, we used data from
1996—1998 to estimate the rates for 1997, data from 1997-1999 to estimate the rates
for 1998, and so on.

Estimation of Mortality Schedules

To estimate mortality schedules for single ages and their 95% confidence intervals
(CIs) from the mortality rates by age group, we used a relational Bayesian model that
Rau and Schmertmann (2020a) used to estimate district life expectancy in Germany
during 2015-2017. The underlying approach is based on the tool for projecting age-
specific rates using linear splines (TOPALS) model (de Beer 2012). In this case,
TOPALS applies a linear spline to estimate the ratios between district age-specific
probabilities of death and a smoothed standard age schedule. The log mortality at any
age is thus modeled as the standard mortality schedule (log [}) plus a linear spline
function:

logfi, =logu’ +B.a.

The model uses a B-spline with spline knots located at ages 0, 1, 10, 20, 40, 70, and
90 to estimate district mortality age schedules for single ages 0—-89. The spline coef-
ficients, o, thus correspond to deviations in the mortality age schedule from the stan-
dard at the knot locations. The standard mortality schedule was constructed from the
Human Mortality Database (HMD) (2021) data for Germany.

Using the TOPALS model in a Bayesian hierarchical framework enforces a mor-
tality schedule shape derived from the combination of the national mortality schedule
and the mortality schedules of districts in the same federal state. This shape is imple-
mented as three priors: a hierarchical spatial prior, a normal prior distribution for the
differences between TOPALS coefficients (B) for consecutive age groups, and a prior
for male—female differences in log mortality rates. The use of the standard mortality
schedule in combination with the hierarchical spatial prior ensures that each of the six
district TOPALS coefficients shares a common national mean and a common federal
state deviation from the standard. This hierarchical specification enforces similarity
between districts by political geography, which is a reasonable theoretical assumption
given similarities in socioeconomic context and health policy.
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The second prior for the differences in coefficients between consecutive age groups
effectively smooths the mortality age schedules by expecting these differences to fol-
low a normal distribution N (0, \/E ) Smoothing has a relatively greater impact in dis-
tricts with particularly large variations between adjacent age groups that arise owing to
small population sizes or incomplete data (Gonzaga and Schmertmann 2016).

The third prior for male—female differences in log mortality rates per age, zone,
and year (8 .,) was based on empirical sex differences in HMD life tables esti-
mated for each year in the study for western Germany, eastern Germany, or all
of Germany for districts in the west of the country, east of the country, or Berlin,
respectively. For more detail on the hierarchical TOPALS model, see Rau and
Schmertmann (2020b).

Our model implementation closely followed the previously described canonical
approach. The sole exception is that we used spline knots located at ages 0, 1, 10, 20,
40, and 70 because our open age group was 75+ and would be too distant from the
seventh knot at age 90. We did not include temporal smoothing, so we treated each
period as independent.

The model was fit by Markov Chain Monte Carlo sampling from the joint poste-
rior distribution implemented via the RStan package (Stan Development Team 2022).
To extrapolate the estimated mortality schedules and their 95% CIs to ages 85-119,
we modeled mortality rates for ages 70—-89 using the two-parameter Kannisto model
(Thatcher et al. 1998), which is often used for this task.

Finally, we used standard methods to calculate the life expectancies at birth (e,)
and their 95% CIs for 401 German districts during 1997-2016 from the estimated
mortality schedules (Preston et al. 2000). The uncertainty intervals around district
e, point estimates, ranging from 0.15 to 0.94 years, were small enough to justify our
focus only on the point estimates of district e,, ignoring the uncertainty intervals for
the rest of the analyses (see the online appendix, section 1). We used R to perform
all calculations (R Core Team 2022); the code used is available online (https://github
.com/rhrzic/Demography GerDistrMortConv).

To assess the model’s performance, we applied standard Markov chain diagnostics
(i.e., examining trace plots for convergence and agreement between parallel chains),
which did not indicate any issues with parameter estimation. In addition, we aggre-
gated the estimated mortality schedules for all districts by year and sex to arrive at
a model estimate for the national mortality schedule, which we compared with the
HMD national mortality schedule by sex and year. The comparison showed that the
model underestimated mortality rates in childhood and very old age categories for
men—the age groups with the lowest death counts (see Figures A3 and A4, which
appear in the online appendix along with all other figures and tables designated with
an “A”).

Assessment of Mortality Convergence

Our study examined mortality convergence across districts, which we operationalized
as convergence in district e,. Because convergence is a multidimensional phenome-
non, we used different measures to examine it (Heichel et al. 2005).
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Table 1 Overview of the convergence concepts used in this study

Convergence Concept Explanation

Beta Convergence Mortality improved faster in districts with initially lower life expectancy at
the start of observation period than in districts with initially higher life
expectancy.

Sigma Convergence District life expectancy dispersion declined in the period observed.

Delta Convergence A district’s life expectancy became closer to that of a goal—for example,
the country average—in the period observed.

Uniform Convergence The life expectancy of al// observed districts changed in line with the
change in the average.

Upward Convergence The average life expectancy across districts improved in the study period.

We began by examining trends in e, over time. Next, we assessed beta and sigma
convergence to determine, respectively, whether lagging districts caught up over
time and whether overall dispersion in e, decreased over time. This allowed us to
characterize the overall district-level mortality dynamics over time as uniform or
not, trending upward or downward, and moving toward convergence or divergence
(Mascherini et al. 2018). Uniform refers to whether the average upward or down-
ward trend in e, also pertained to each district. Trending upward or downward refers
to whether the average e, was increasing or decreasing. Convergence or divergence
refers to whether dispersion in e, was decreasing or increasing (sigma convergence),
which would be enabled by laggard districts catching up (beta convergence). Our aim
was to establish whether we could observe uniform upward mortality convergence,
which is the most desirable scenario: it would indicate that mortality conditions were
not only becoming more similar but also improving across all districts.

In the second part of the analysis, we assessed delta convergence by examining
whether the e, trajectories of individual districts were becoming more similar to the
German average district e, trajectory. This analysis allowed us to identify groups
of districts contributing to mortality convergence or divergence and to identify dis-
trict characteristics associated with particular district life expectancy trajectories. See
Table 1 for an overview of the key convergence concepts used in this article.

Beta Convergence

To assess beta convergence, we examined whether e, improved faster in the districts
with lower e, at the start of the observation period than in the districts with initially
higher e, (Sala-i-Martin 1996). We did so by using linear regression to examine the
association between e, of district 7 at the start of a period ( & ;, ) and the change in e,
in district i between ¢, and z,:

Ay, =0+ e, +&.

If the relationship was inverse (B was negative) and the association was statistically
significant, we concluded that beta convergence occurred between ¢, and ¢,.
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Sigma Convergence

To assess sigma convergence, we examined whether there was a reduction in disper-
sion in district e, over time (Sala-i-Martin 1996). We measured district ¢, dispersion
using the variance, which we calculated for each sex and year included in the analy-
sis. If the variance was smaller at #, than at 7,, we concluded that sigma convergence
occurred between #, and ¢,. Statistical inference regarding sigma convergence can be
incorporated (cf- Hrzic et al. 2021; Janssen et al. 2016). However, because our analy-
sis focuses primarily on describing long-term trends instead of formal inference tests
of precise hypotheses, we did not pursue the strategy in this study.

Using established one-stage decomposition procedures (Akita 2003; Shorrocks
and Wan 2005), we decomposed the total variance in district ¢, into (1) the between
component, representing the average district ¢, in eastern and western Germany; and
(2) the within component, representing the differences between district ¢, within east-
ern Germany and within western Germany (Concei¢ao and Ferreira 2000). With this
step, we aimed to highlight the relative importance of changes in district mortality
disparities at the level of eastern and western Germany compared with the changes in
mortality disparities between districts within each part of Germany. We thereby pro-
vide additional insight into the long-term impact of postreunification policies because
they largely targeted the districts in eastern Germany.

Delta Convergence (e, trajectory groups)

Delta convergence assesses a unit’s performance in an indicator achieving a specific
goal—for example, the life expectancy of German men reaching that of Swedish
men (Heichel et al. 2005; Noy and Sprague-Jones 2016). In this case, the goal is
the matching of German districts’ life expectancy trajectory with that of the average
German district. To assess delta convergence, we therefore compared district ¢, tra-
jectories with the average German district e, trajectory by comparing starting levels
of ¢, and change over time in ¢,. The selected goal allowed us to identify four groups
of districts: (1) the decreasing disadvantage group of districts that started below the
average German ¢, but saw greater than average ¢, gains; (2) the decreasing advan-
tage group of districts that started above the average German ¢, but saw lower than
average e, gains; (3) the increasing disadvantage group of districts that started below
the average German ¢, and had lower than average ¢, gains; and (4) the increasing
advantage group of districts that started above the average German ¢, and saw greater
than average e, gains (see Figure 1 for an illustration).

This characterization of districts has several advantages. First, it allows us to exam-
ine the spatial distribution of the mortality convergence process because the first two
district groups contributed to mortality convergence, whereas the latter two groups con-
tributed to mortality divergence. Second, it allows us to examine whether the overall
mortality convergence process is uniform and stable, with most districts contributing to
mortality convergence. Third, it allows us to examine whether the convergence process
is dominated by districts with a decreasing mortality disadvantage or instead by dis-
tricts with a decreasing mortality advantage; the former is the more favorable scenario.
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Decreasing disadvantage Decreasing advantage Increasing disadvantage Increasing advantage

Time (in years)

Fig. 1 Illustration of the district ¢, life expectancy trajectory groups

The Association of District e, Trajectory Groups With District Characteristics

To identify possible mechanisms driving mortality convergence and divergence,
we explored the associations between district characteristics and district mem-
bership in one of four e, trajectory groups established in the delta convergence
analysis. We did so by fitting multinomial regression models for each sex that
controlled for federal state, using the increasing disadvantage district group as the
reference category because it represents the poorest performing districts. From
the literature identifying district economic performance and deindustrialization
and improved access to health care as important determinants of district mor-
tality in Germany (see the Introduction), we selected the following independent
variables: the district tax base, long-term unemployment rate, hospital density
(hospitals per 100,000 population), and the average resident age. We included the
average age as a proxy for differences in the extent of population aging and out-
migration across districts.

For each independent variable, we calculated the average value over time
for the district because we expect that long-term trends in district mortality are
driven by long-term exposure to protecting or harming contexts, such as easy
access to hospital care or high unemployment, respectively. To enable com-
parisons between the different contextual characteristics, we rescaled (normal-
ized) the variables by subtracting the overall mean and dividing by the standard
deviation to produce standardized effect size estimates. We fit the multinomial
logit probability models simultaneously using the nnet R package (Venables and
Ripley 2002).
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Sensitivity Analyses

To test the robustness of our findings, we performed several sensitivity analyses. First,
we calculated all the convergence measures using partial life expectancy between
ages 25 and 75 (e}?) instead of e,. We performed this calculation because of the data
limitations in the youngest and oldest ages and the possibility of our estimated mor-
tality schedules exhibiting bias in these ages. The results were aligned with those
reported for ¢, (see the online appendix).

Second, we focused on unweighted measures of beta and sigma convergence in
our analyses. However, because population-weighted measures reflect both dispari-
ties between places and their relative population sizes, we also calculated weighted
versions of the measures. The weighted measures exhibited the same trends and led
to the same conclusions as the unweighted outcomes.

Third, we focused on variance as a dispersion measure to assess sigma conver-
gence. However, because dispersion measures differ in their mathematical properties
and ability to summarize a distribution, we also calculated the Theil index, which
remains unchanged by equal proportional changes in the district life expectancy dis-
tribution (Cowell 2011). Results using the Theil index were aligned with the results
for the variance (see the online appendix, section 3).

Fourth, when exploring the association of district e, trajectories with contextual
characteristics, we also explored bivariate associations and an extended model that
controlled for the average annual change in the included variables and not simply
their average values. The results were generally aligned with those of the primary
model (see the online appendix, section 6).

Results

Overall Mortality Convergence

Between 1997 and 2016, life expectancy increased for both sexes in all 401 German
districts (Figure 2 and Table 2). Districts in the eastern part of the country experi-
enced greater improvements in e, than those in the west. A clear east-west gap was
visible in 1997, and a north—south gradient could be seen in 2016. The increase in ¢,
was larger in 1997-2006 than in 2007-2016 for both sexes and for both western and
eastern Germany (Table 2).

The association between the change in ¢, and the initial e, was significant and
negative for both sexes, indicating beta convergence and suggesting that districts
with initially lower ¢, caught up over time (beta,,., = —0.31, 95% CI [-0.36, —0.26];
beta, e, = —0.46, 95% CI [-0.53, —0.40]). Comparing the early and late study periods
(1997-2006 vs. 2007-2016), we found that the association was attenuated: mortality
convergence weakened over time (Table 2).

The total variance in ¢, declined for both sexes over the study period, indicating
sigma convergence (Figure 3). The decomposition shows that the overall mortality
convergence was driven mainly by the reduction in the between component, which
corresponds to a reduction in the average difference in e, between the eastern and the
western German districts. This reduction was rapid at first but slowed over time for
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Male e, in 1997 Male e, in 2016 Change in male e, 1997-2016

Female eg in 1997 Female e( in 2016 Change in female e, 1997-2016

Fig. 2 Estimated life expectancy at birth (e,) for 401 German districts, by sex, in 1997 and 2016, and the
change (in years) from 1997 to 2016

both sexes. At the same time, the within component of variance increased, indicating
an increase in differences between district e, within eastern Germany or within west-
ern Germany. The within component steadily increased until 2006 and then followed
a U-shape, with a nadir in 2011. Because the within component could be driven by
increased differences in district ¢, in either or both parts of Germany, we stratified the
examination of dispersion by area of Germany (east vs. west) and study period (early
vs. late). The stratified analysis indicates that district mortality differences predomi-
nantly increased within western Germany and decreased within eastern Germany. Fur-
ther, the mortality convergence within eastern Germany slowed over time (Table 2).

In sum, the study period was characterized by uniform upward mortality con-
vergence that was driven primarily by a reduction in the average difference in ¢,
between eastern and western Germany, which in turn was driven by rapid mortality
improvements in all eastern German districts. However, we also found evidence of
the overall convergence process slowing over time owing to the mortality diver-
gence within western Germany and the slowing of mortality convergence within
eastern Germany.

District e, Trajectory Groups

To assess delta convergence, we compared the district e, trajectories with the overall
German district average e, trajectory to identify four groups of districts: decreasing
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Table 2 Change in life expectancy at birth (e,), beta convergence coefficient, and change in the variance
across the German districts, 1997-2016, by sex, decade, and region

Average Life

Expectancy Change Beta Convergence Coefficient Annual Relative Change
(years) (95% CI) in the Variance (%)
Early Late Early Late Early Late
Period: Period: Period: Period: Period: Period:

1997-2006 20072016 1997-2006 2007-2016 1997-2006  2007-2016

Germany,
Male 3.08 1.10 —0.25% —0.10% —2.84 —-0.13
(-0.28,-0.21)  (-0.14, -0.06)
Germany,
Female 2.04 0.60 —-0.33* —=0.11* -3.27 0.58
(-0.37,-0.28)  (-0.15,-0.06)
East, Male 3.75 1.23 —0.39% —0.07 -3.95 1.31
(-0.5,-0.28)  (-0.18,0.05)
West, Male 2.92 1.07 0.13* —0.08* 4.78 0.73
(0.08,0.18)  (=0.13,-0.03)
East, Female 2.65 0.78 —0.34%* 0.05 -2.21 4.00
(-0.48,-0.21)  (=0.08, 0.18)
West, Female 1.89 0.56 0.02 —0.08%* 3.10 0.99

(-0.03,0.08)  (~0.14,-0.03)

Notes: If the beta coefficient is negative, life expectancy improved fastest in districts with the lowest life
expectancy at the start. CI = confidence interval.

*p<.05

disadvantage, increasing disadvantage, increasing advantage, and decreasing advan-
tage (Figure 4).

Two thirds of districts for both sexes were in the decreasing disadvantage or
decreasing advantage groups, contributing to mortality convergence. This finding
indicates a stable process of mortality convergence, given that it resulted from mor-
tality trends in most districts and was not driven by outliers. Most eastern German
districts (71 of 76 for both sexes) belonged to the decreasing disadvantage group,
and eastern Germany makes up the majority of districts in this group. Not surpris-
ingly, all districts in the decreasing advantage were in western Germany. However,
approximately 10% of western German districts also saw above-average mortality
improvements during the study period despite starting at a disadvantage, which was
unexpected.

The districts in groups contributing to mortality divergence—increasing disad-
vantage and increasing advantage—were predominantly in western Germany. Most
districts in the increasing advantage group were in southern Germany, whereas the
districts in the increasing disadvantage group formed clusters in northwest Germany.
Overall, the district group clusters did not follow state borders.

Thus, the overall mortality convergence process was driven by a robust and
uniform process of catching up that included almost all eastern German districts
and by the relative mortality stagnation in northwestern Germany. In addition, the
strong e, gains in the south and the concurrent falling behind of district clusters in
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Fig. 3 Convergence in district life expectancy at birth (e;) in Germany, 1997-2016, by sex, region, and
decade. Panels a and b show scatterplots of district ¢, at the starting year against the change in district ¢,
during the study period (1997-2006 in panel a and 2007-2016 in panel b) by sex and part of Germany
(eastern, western, and both). Panels ¢ and d show smoothed trends in total variance and the between and
within components of the total variance, by sex. The between component corresponds to the average dif-
ference between eastern and western German districts, whereas the within component corresponds to the
differences between districts within both eastern and western Germany.

northwestern Germany indicate an increasingly dominant mortality divergence fol-
lowing a north—south pattern. However, unlike the east-west convergence, the north—
south divergence pattern appears to be more spatially complex and driven by clusters
of districts not characterized by federal state borders.

The Association of District e, Trajectory Groups With District Characteristics

To identify possible mechanisms driving mortality convergence and divergence, we
used multinomial regression to explore the association between district characteristics
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The results suggest that a higher average tax base and a lower average long
unemployment rate relative to those of the reference group (increasing disadvantage)

were associated with a district exhibiting an e, advantage for both sexes throughout

Fig.4 German district trajectories in life expectancy at birth (e,) compared with the average German e,
the study period (Figure 5 and Table A2). A higher tax base was also associated with

trajectory. Four groups of districts are distinguished according to their e, trajectory: decreasing disad-
the district e, trajectory groups (described earlier). Figure A9 illustrates the spatial

distribution of the examined district characteristics.
a decreasing e, disadvantage for women but not men. The average hospital density,

vantage, increasing disadvantage, increasing advantage, and decreasing advantage during 1997
a proxy for access to secondary and tertiary health care

by sex.
(long-term unemployment, tax base,

S
,wﬁ. ‘
N

did not systematically dif-

>

compared

fer between the reference and other mortality trajectory groups. Finally,

with the reference group,

all other district groups had a lower average resident age,

decreasing

—that is,

especially the groups with an above-average improvement in e

disadvantage and increasing advantage.

In sum, we found the strongest association with district ¢, trajectory groups

with the economic performance variables: the district tax base and the long-term

unemployment rate. Stronger economic performance was associated with a district

maintaining or increasing its e, advantage.
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Fig. 5 Association of district e, trajectory groups with district characteristics for 1997-2006, by sex. The
increasing disadvantage trajectory group was used as the reference.

Discussion

We analyzed long-term trends in mortality convergence across German districts
during 1997-2016 and explored contextual determinants of the process. We found
that all German districts experienced improved e, and that the overall dispersion in
district e, decreased. This overall trend toward convergence was mainly driven by
rapid life expectancy increases in the eastern German districts. However, we found
considerable heterogeneity in the district e, trajectories within federal states. This het-
erogeneity was reflected in the formation of district clusters in northwestern Germany
with increasing e, disadvantage relative to the average German district e, trajectory
that contributed to an emerging north—south mortality divergence. Finally, we found
that district e, trajectory groups were strongly associated with two indicators of dis-
trict economic performance: the tax base and the long-term unemployment rate. The
district hospital density seemed to play a less important role.

Interpretation of Main Findings

Our finding that mortality in Germany overall converged over our study period
is in line with the results of previous studies examining mortality convergence in
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Germany at the level of former East and West Germany and at the level of federal
states (Grigoriev and Pechholdova 2017; Grigoriev et al. 2021; van Raalte et al.
2020). However, our study is the first to show that this east—west convergence was
driven by an above-average e, improvement in almost all eastern German districts,
particularly in the decade 1997-2006. Even more rapid mortality improvements
in eastern Germany that we could not observe likely occurred immediately after
reunification, in 1991-1996. We also found that the rapid mortality improvements
did not result in increased mortality differences between eastern German districts
during 1997-2006. This is an important and welcome finding, given that the differ-
ences between eastern German districts in terms of economic performance, popula-
tion structure, availability of health care, and other characteristics would normally
lead us to expect more heterogeneous trends in district e,. Although our study
design does not allow for inferences on the mechanisms behind this observation,
we speculate that the substantial postreunification public spending that improved
the eastern German health care infrastructure and provided more generous social
welfare transfers for individuals, especially though pension incomes (Ritter 2011;
Vogt and Kluge 2015), may have diluted the effects of economic, demographic, and
other differences between districts on district mortality conditions. The short-term
effects of this postreunification public spending likely benefited eastern German
retirees the most (Grigoriev et al. 2021; Vogt and Vaupel 2015) because their health
was primarily influenced by the unification of social welfare systems of former East
and West Germany, and because the improvements in the health care system were
largely independent of district characteristics. However, the more recent district
mortality trends in eastern Germany are driven by cohorts of working ages during
reunification who experienced significant economic restructuring and prolonged
high unemployment in the years after; these cohorts have not uniformly reaped
economic or health benefits from the reunification (Akerlof et al. 1991; Collier
and Siebert 1991; Lenhart 2017; Richter et al. 2020; Snower and Merkl 2006). We
would expect the district characteristics to matter more for the mortality of these
cohorts and thus for eastern German district e, trends to diverge. In support of this
hypothesis, we found increased dispersion in district e, in eastern Germany during
2007-2016, indicating mortality divergence. However, this result requires further
study using data collected in the future since these cohorts have not yet reached the
ages at which the risk of death is high enough to allow for an unequivocal test of
the hypothesis.

Our study showed that different e, trajectory groups coexisted in the same fed-
eral state—a pattern that would be obscured in studies considering state-level data
only. Because this heterogeneity was stable over time and present for both sexes,
it is unlikely to be a statistical artifact. The districts in the increasing disadvan-
tage e, trajectory group coincided with the deindustrialized areas in northwestern
Germany that could not match the pace of average mortality improvements in
Germany. This situation led to a north—south mortality divide, also documented
previously (Kibele et al. 2015). Our exploration of district characteristics indi-
cates that economic performance, as measured by each district’s tax base and
long-term unemployment rate, influenced the development of this e, trajectory
group and, consequently, of the north—south mortality divergence. Reinforcing
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the importance of the economic context in the mortality divergence in Germany,
previous studies found that deindustrialized regions experiencing a difficult eco-
nomic transition tend to have worse population health and increased mortality
(Silver et al. 2011; Walsh et al. 2010; Wami et al. 2021). In Germany, the north—
south economic and mortality divergence may also be a reflection of differences
in the socioeconomic conditions of the eastern and the western parts of the coun-
try. Whereas districts in the east experienced economic restructuring and received
subsidized welfare transfers (Ritter 2011), western German deindustrialized
regions experienced economic restructuring without additional welfare support
(Hospers 2004).

We found that the district hospital density was not as strongly associated with district
mortality trajectories as the district economic performance, which aligns with the con-
clusions of a recent study of German district-level life expectancy in 2015-2017 (Rau
and Schmertmann 2020a). We note two potential explanations for this finding. First,
economic circumstances may influence mortality through mechanisms independent
of medical care access. For example, the prevalence of harmful lifestyle choices—
such as smoking, alcohol consumption, and low physical activity—is associated with
adverse regional economic circumstances in Germany and elsewhere (Galan et al.
2021; Kaiser et al. 2018; Kleinjans and Gill 2022; Schiile and Bolte 2015) and is
not directly influenced by health care availability. Second, the impact of health care
availability may be attenuated by selective out-migration: individuals who are health-
ier, better educated, and higher earners are more likely to move to more econom-
ically prosperous regions, leaving behind districts with fewer opportunities and a
sicker population (Vaalavuo and Sihvola 2021). In the German context, reunification
led to considerable east—west migration flows, with out-migration from rural east-
ern Germany being particularly high (Stawarz et al. 2020). Given the younger ages
of most postreunification internal migrants, though, selective out-migration in this
context did not lead to the concentration of frail elderly persons in eastern Germany
during our study period (Vogt and Missov 2017). Instead, it resulted in an economic
disadvantage due to workforce losses. We interpret our results as supporting the first
potential explanation, but further research on this question is needed. In particular,
studies leveraging currently unavailable individual- and district-level data on health
behaviors, migrant status, health care access and utilization, and cause-specific mor-
tality would be able to support further inference in this regard (see Recommendations
for Further Research).

Evaluation of Data and Methods

Our study utilized a novel flexible model to interpolate the missing district-level mor-
tality data and smooth the age mortality schedules, allowing a close examination of the
process of district-level mortality convergence in Germany over two decades. How-
ever, the interpolation, smoothing, and borrowing of data between districts within states
may have introduced model-related bias into our analysis and decreased our ability to
detect short-term mortality fluctuations. Borrowing data between districts within states
relies on the assumption that state borders are more important mortality determinants
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than geographic proximity, which may not always be the case. One issue we detected
was that relative to the HMD data by sex and year, our model underestimated mortality
rates in childhood and at very old ages—the age groups with very low death counts (see
Figures Al and A2). However, we do not believe that the underestimation of mortal-
ity rates in these age groups substantially influenced our results: we replicated the key
findings using life expectancy between ages 25 and 75 (e3?) as the outcome, and these
model estimates were closer to the estimates based on HMD data (see Figure AS).

Focusing on the district level, for which our modeling was imperative, also had
several key advantages. First, we could identify district clusters that over- or under-
performed the average life expectancy trajectory within federal states and those that
stretched beyond state lines. Furthermore, we could highlight differences between
districts within federal states—a particularly relevant study feature given the het-
erogeneity in district e, trajectories, which are obscured in analyses using state-level
data. The advantages of using this level of analysis outweigh the possible issues with
quantitative precision.

Our study also benefitted from our multiple sensitivity analyses verifying the main
findings by using population-weighted measures of convergence and the Theil index
instead of variance as the measure of life expectancy dispersion. These analyses
increase our confidence in our results.

Our exploration of the role of district characteristics in mortality trajectories was
limited for three reasons. First, we did not include all relevant contextual factors (e.g.,
the built environment) or the prevalence of health-related behaviors (e.g., smoking,
diet, physical activity, alcohol consumption). Unfortunately, district-level data on these
factors are not readily available. Second, the variables we selected to reflect district eco-
nomic performance and access to health care were likely imperfect. Economic context
and health care access are multidimensional concepts, and a comprehensive evaluation
of their role in district mortality convergence in Germany requires data that are not cur-
rently available and is beyond the scope of this study. Third, by using the multinomial
regression model, we forfeited information on variation in the life expectancy trajecto-
ries by effectively flattening them into four categories. However, the aim of our analysis
of the role of district characteristics in mortality trajectories was to explore the findings
from the mortality convergence portion of the study, particularly the identification of
high-mortality clusters. Indeed, the data and the models we used are not well suited to
making causal claims about the relationship between the district context and the indi-
vidual outcomes. However, the robustness of the core findings to model specification
and period choice (see Table A2) supports our conclusions.

Recommendations for Further Research

Our findings indicate that the north—south mortality divergence in Germany may be
driven primarily by the increasing e, disadvantage trajectory group in economically
distressed clusters of districts in deindustrialized areas in northwestern Germany.
This observation suggests several directions for future research. First, it is neces-
sary to establish whether economic performance is indeed the salient characteristic
that distinguishes the increasing e, disadvantage trajectory group from the others.
Doing so will require a more comprehensive examination of the implicated districts
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as places (e.g., their environmental and social contexts) and populations (e.g., their
age structure). In-depth case studies of vanguard and laggard districts can be helpful
in this task because they allow for a careful examination of the interplay of various
district characteristics. Longitudinal studies examining the age groups driving the
observed trends in mortality convergence and divergence and the association between
district mortality trajectories and their characteristics will be a valuable contribution
to the literature (cf. Grigoriev et al. 2019), attainable when more complete district-
level mortality data become available.

Second, if differences in local economic performance are indeed the key distinc-
tions between the e, trajectory groups, we also need to understand the mechanisms
through which the local economic context shaped the health and mortality outcomes
of district populations in Germany over the past two decades. Both research direc-
tions will require better district-level data on these variables than are currently avail-
able, including district-level data on health care utilization, employment, income,
health-related behaviors, and cause-specific mortality. Studies focusing on the mech-
anisms of these effects would also benefit from linking individual or household sur-
vey data, such as data from the German Socio-Economic Panel (Wagner et al. 2007),
with information on the district context.

Third, future studies could compare the socioeconomic and demographic drivers
of mortality convergence and divergence in different contexts. Germany shares the
high-income country status with other polities, such as the United States, but has a
distinct vision of the welfare state—a particular manifestation of the European social
model (Alber 2006). The cultural and political differences associated with the variety
of welfare regimes and regional development models across high-income countries
may engender unique mechanisms of mortality convergence and divergence, mask-
ing some contextual drivers while exaggerating others. Therefore, cross-national
comparative research on the mechanisms of regional mortality convergence is neces-
sary to evaluate the generalizability of our conclusions.

Implications for Policy

Our study suggests a path to achieving regional mortality convergence using socio-
economic policy. First, our results indicating that life expectancy was improving in
almost all eastern German districts in 1997-2016 demonstrate that it is possible to
engineer a “leveling up” of population health on a national scale without increas-
ing disparities between targeted regions. This observation is particularly relevant in
light of current efforts to improve living conditions and health of historically disad-
vantaged regions in other high-income countries, particularly the United Kingdom
(Bambra 2022; Tomaney and Pike 2020), and in countries that share in the European
social model of the welfare state. However, the concentration of the increasing e,
disadvantage trajectory group in northwestern Germany warns against the adoption
of a narrow regional focus that does not sufficiently support individuals negatively
affected by economic transitions, regardless of their place of residence. As we dis-
cussed earlier, the German government’s policy approach to the redevelopment of
eastern Germany was multifaceted and used infrastructure investments and expanded
pension transfers, respectively, to support eastern Germany as a place and eastern
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German individuals. By contrast, the government did not apply a similarly compre-
hensive strategy to support economically disadvantaged districts in western Germany,
which perhaps contributed to the north—south mortality divergence we observed. We
therefore agree with other authors in calling for a more place-sensitive, distributed
development policy in Germany and elsewhere (lammarino et al. 2019), combined
with adequate social welfare support to prevent economic shocks from triggering a
delayed deterioration of individual health (Bir6 and Branyiczki 2020). Nevertheless,
we urge decision makers to remain mindful of the limited generalizability of these
recommendations in light of different welfare regimes, regional development models,
and the extent of regional mortality differences.

Conclusion

Our results corroborate previous evidence indicating that mortality has been converging
across different regions of Germany. By studying mortality convergence over a long
period at the district level, we demonstrated that this convergence resulted from above-
average improvements in mortality throughout eastern Germany. In addition, we found
that the past process of mortality convergence between eastern and western Germany
has been giving way to a mortality divergence between the north and the south of the
country. This divergence appears to be partly driven by economically distressed districts
in northwestern Germany, likely due to a failure to provide these districts with targeted
social welfare support during the economic shocks brought on by deindustrialization.

More district-level mortality research in Germany is needed to fully unravel the
role of the socioeconomic context in mortality convergence and divergence. Future
studies would benefit from better district data on health care utilization, employ-
ment, income, health-related behaviors (e.g., smoking), and cause-specific mortality.
Moreover, future research should focus on individual vanguard and laggard districts.

Our study shows that it is possible to engineer a “leveling up” of health without
increasing disparities between targeted regions with the implementation of policies
that invest in both places and the people who live in them. m
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