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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 (e0) 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 e0 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 e0 between Ger­man dis­tricts decreased for both sexes dur­ing 
1997–2016, mainly driven by rapid mor­tal­ity improve­ments in east­ern Ger­man dis­
tricts. However, con­sid­er­able het­ero­ge­ne­ity in dis­trict-level e0 tra­jec­to­ries within fed­
eral states was evi­dent. For exam­ple, dis­trict clus­ters in north­west­ern Germany showed 
increasing e0 dis­ad­van­tage, which led to a north–south diver­gence in mor­tal­ity. A mul­
tinomial regression analysis showed a robust association between the e0 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.

KEY WORDS  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 Pechholdová 
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).
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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 Pechholdová 2017; Grigoriev et al. 2021; Häussler 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 Pechholdová 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 Pechholdová 2017; Häussler 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 Pechholdová 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. Mühlichen (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 (Mühlichen 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, e0), 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 e0 tra­jec­tory with the over­all aver­age tra­jec­tory 
(delta con­ver­gence). Finally, we explore the asso­ci­a­tion between each dis­trict’s e0 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 Städte 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 e0, we extracted dis­trict age- and sex-spe­cific pop­u­la­tion and 
death counts for 1997–2016 from the Ger­man regional sta­tis­tics data­base (­Statistische 
Ämter des Bundes und der Länder 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 für 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 
Ämter des Bundes und der Länder 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 µx* ) plus a linear spline 
func­tion:

logµ̂x = logµx* +Bx′
⌢α.

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, α, 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 (β) 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, 0.5( ). 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 (δx ,z ,t* ) 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 (e0) 
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 
e0 point esti­ma­tes, rang­ing from 0.15 to 0.94 years, were small enough to jus­tify our 
focus only on the point estimates of district e0, 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 e0. Because con­ver­gence is a mul­ti­di­men­sional phe­nom­e­
non, we used dif­fer­ent mea­sures to exam­ine it (Heichel et al. 2005).
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We began by exam­in­ing trends in e0 over time. Next, we assessed beta and sigma 
con­ver­gence to deter­mine, respec­tively, whether lag­ging dis­tricts caught up over 
time and whether over­all dis­per­sion in e0 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 e0 also pertained to each dis­trict. Trending upward or downward refers 
to whether the aver­age e0 was increas­ing or decreas­ing. Convergence or divergence 
refers to whether dispersion in e0 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 e0 tra­jec­to­ries of indi­vid­ual dis­tricts were becom­ing more sim­i­lar to the 
Ger­man aver­age dis­trict e0 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 e0 improved faster in the dis­tricts 
with lower e0 at the start of the obser­va­tion period than in the dis­tricts with ini­tially 
higher e0 (Sala-i-Martin 1996). We did so by using lin­ear regres­sion to exam­ine the 
association between e0 of district i at the start of a period ( e0 i,t1 ) and the change in e0 
in district i between t1 and t2:

Δe0 i,t2  − t1 = α +β e0 i,t1 + ε.

If the rela­tion­ship was inverse (β was neg­a­tive) and the asso­ci­a­tion was sta­tis­ti­cally 
sig­nifi­cant, we con­cluded that beta con­ver­gence occurred between t1 and t2.

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 all observed dis­tricts changed in line with the 

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

To assess sigma con­ver­gence, we exam­ined whether there was a reduc­tion in dis­per­
sion in district e0 over time (Sala-i-Martin 1996). We mea­sured dis­trict e0 dispersion 
using the var­i­ance, which we cal­cu­lated for each sex and year included in the anal­y­
sis. If the var­i­ance was smaller at t2 than at t1, we con­cluded that sigma con­ver­gence 
occurred between t1 and t2. 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 e0 into (1) the between 
com­po­nent, representing the aver­age dis­trict e0 in eastern and western Germany; and 
(2) the within com­po­nent, representing the dif­fer­ences between dis­trict e0 within east­
ern Germany and within west­ern Germany (Conceição 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 (e0 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 e0 tra­
jec­to­ries with the aver­age Ger­man dis­trict e0 tra­jec­tory by com­par­ing starting lev­els 
of e0 and change over time in e0. The selected goal allowed us to iden­tify four groups 
of dis­tricts: (1) the decreasing disadvantage group of districts that started below the 
aver­age Ger­man e0 but saw greater than aver­age e0 gains; (2) the decreasing advan­
tage group of dis­tricts that started above the aver­age Ger­man e0 but saw lower than 
aver­age e0 gains; (3) the increasing disadvantage group of districts that started below 
the aver­age Ger­man e0 and had lower than aver­age e0 gains; and (4) the increasing 
advantage group of dis­tricts that started above the aver­age Ger­man e0 and saw greater 
than aver­age e0 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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The Association of District e0 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 e0 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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Fig. 1  Illustration of the district e0 life expectancy trajectory groups
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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 (e2575) instead of e0. 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 e0 (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 e0 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 e0 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 e0 
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 e0 and the initial e0 was sig­nifi­cant and 
neg­a­tive for both sexes, indi­cat­ing beta con­ver­gence and suggesting that dis­tricts 
with initially lower e0 caught up over time (betamen = −0.31, 95% CI [–0.36, −0.26]; 
betawomen = −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 e0 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 e0 between the eastern and the 
west­ern Ger­man dis­tricts. This reduc­tion was rapid at first but slowed over time for 
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313District-Level Mortality Convergence in Reunified Germany

both sexes. At the same time, the within com­po­nent of var­i­ance increased, indi­cat­ing 
an increase in differences between district e0 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 e0 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 e0 
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 e0 Trajectory Groups

To assess delta con­ver­gence, we com­pared the dis­trict e0 tra­jec­to­ries with the over­all 
Ger­man dis­trict aver­age e0 tra­jec­tory to iden­tify four groups of dis­tricts: decreas­ing 

Fig. 2  Estimated life expectancy at birth (e0) for 401 German districts, by sex, in 1997 and 2016, and the 
change (in years) from 1997 to 2016
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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 e0 gains in the south and the concurrent falling behind of district clusters in  

Table 2  Change in life expec­tancy at birth (e0), beta con­ver­gence coef­fi­cient, and change in the var­i­ance 
across the Ger­man dis­tricts, 1997–2016, by sex, decade, and region

Average Life  
Expectancy Change 

(years)
Beta Convergence Coefficient 

(95% CI)
Annual Relative Change 
in the Variance (%)

Early 
Period: 

1997–2006

Late 
Period: 

2007–2016

Early  
Period: 

1997–2006

Late  
Period: 

2007–2016

Early 
Period: 

1997–2006

Late 
Period: 

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
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315District-Level Mortality Convergence in Reunified 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 e0 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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Fig. 3  Convergence in district life expectancy at birth (e0) in Germany, 1997–2016, by sex, region, and 
decade. Panels a and b show scatterplots of district e0 at the starting year against the change in district e0 
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 c 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.
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(long-term unem­ploy­ment, tax base, hos­pi­tal den­sity, and aver­age res­i­dent age) and 
the district e0 tra­jec­tory groups (described ear­lier). Figure A9 illus­trates the spa­tial 
dis­tri­bu­tion of the exam­ined dis­trict char­ac­ter­is­tics.

The results sug­gest that a higher aver­age tax base and a lower aver­age long-term 
unem­ploy­ment rate rel­a­tive to those of the ref­er­ence group (increas­ing dis­ad­van­tage) 
were asso­ci­ated with a dis­trict exhibiting an e0 advan­tage for both sexes through­out 
the study period (Figure 5 and Table A2). A higher tax base was also asso­ci­ated with 
a decreasing e0 dis­ad­van­tage for women but not men. The aver­age hos­pi­tal den­sity, 
a proxy for access to sec­ond­ary and ter­tiary health care, did not sys­tem­at­i­cally dif­
fer between the ref­er­ence and other mor­tal­ity tra­jec­tory groups. Finally, com­pared 
with the ref­er­ence group, all­ other dis­trict groups had a lower aver­age res­i­dent age, 
espe­cially the groups with an above-aver­age improve­ment in e0—that is, decreas­ing 
dis­ad­van­tage and increas­ing advan­tage.

In sum, we found the stron­gest asso­ci­a­tion with dis­trict e0 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 e0 advan­tage.

Female Male

Increasing disadvantage Decreasing disadvantage Decreasing advantage Increasing advantage

Fig. 4  German district trajectories in life expectancy at birth (e0) compared with the average German e0 
trajectory. Four groups of districts are distinguished according to their e0 trajectory: decreasing disad­
vantage, increasing disadvantage, increasing advantage, and decreasing advantage during 1997–2016, 
by sex.
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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 e0 and that the over­all dis­per­sion in 
district e0 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 e0 tra­jec­to­ries within fed­eral states. This het­
ero­ge­ne­ity was reflected in the for­ma­tion of dis­trict clus­ters in north­west­ern Germany 
with increasing e0 dis­ad­van­tage rel­a­tive to the aver­age Ger­man dis­trict e0 trajectory 
that con­trib­uted to an emerg­ing north–south mor­tal­ity diver­gence. Finally, we found 
that district e0 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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Fig. 5  Association of district e0 trajectory groups with district characteristics for 1997–2006, by sex. The 
increasing disadvantage trajectory group was used as the reference.
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Germany at the level of for­mer East and West Germany and at the level of fed­eral 
states (Grigoriev and Pechholdová 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 e0 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 e0. 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 e0 trends to diverge. In sup­port of this 
hypoth­e­sis, we found increased dis­per­sion in dis­trict e0 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 e0 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 e0 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 e0 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 (Galán et al. 
2021; Kaiser et  al. 2018; Kleinjans and Gill 2022; Schüle 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 A1 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 (e2575) as the out­come, and these 
model esti­ma­tes were closer to the esti­ma­tes based on HMD data (see Figure A5).

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 e0 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 e0 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 e0 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 e0 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 e0 
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 (Iammarino et al. 2019), com­bined 
with ade­quate social wel­fare sup­port to pre­vent eco­nomic shocks from trig­ger­ing a 
delayed dete­ri­o­ra­tion of indi­vid­ual health (Bíró 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. ■
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