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District-Level Mortality Convergence in Reunified Germany: 
Long-Term Trends and Contextual Determinants
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ABSTRACT The mor tal ity gap between for mer East and West Germany decreased 
rapidlyinthedecadefollowingthereunificationofthecountryin1990.However,
becausenopreviousstudyhasestimatedlifeexpectancy(e0)overtimeforallGerman
districts,theextentofmortalityconvergenceacrossdistrictsanditsdeterminantsare
largelyunknown.WeusedanovelrelationalBayesianmodeltoestimatedistricte0 in 
Germanyduring1997–2016,examinedmortalityconvergenceusinganovelconver
gencegroupsapproach,andexploredtheroleofselecteddistrictcharacteristicsinthe
process.Differencesine0betweenGermandistrictsdecreasedforbothsexesduring
1997–2016,mainlydrivenbyrapidmortalityimprovementsineasternGermandis
tricts.However,considerableheterogeneityindistrictlevele0trajectorieswithinfed
eralstateswasevident.Forexample,districtclustersinnorthwesternGermanyshowed
increas ing e0disadvantage,whichledtoanorth–southdivergenceinmortality.Amul
ti no mial regres sion anal y sis showed a robust asso ci a tion between the e0 tra jec tory and 
thedistrictleveltaxbaseandlongtermunemploymentbutnotwithhospitaldensity.
Thus,anequitable“levelingup”ofhealthseemspossiblewithpoliciesinvestingin
placesandthepeoplewhoinhabitthem.

KEY WORDS Regional mortality disparities • Smallarea studies • German
reunification • Regionaldevelopment • Politicalepidemiology

Introduction

The mor tal ity gap between for mer East and West Germany closed rap idly in the 
decade following the country’s reunification in 1990 (Grigoriev and Pechholdová
2017; Vogt 2013).Postreunificationmortalityconvergenceanditspotentialdrivers
havebeenstudiedextensivelyfortheformerstates(e.g.,Grigorievetal.2021).How
ever,theextentoflongtermmortalityconvergenceacrossdistrictsanditsdetermi
nantsare largelyunknown.Such informationcouldprovidekey insights intohow
reunificationpoliciesandregionalcharacteristicsshapemortalityconvergenceover
time(Razumetal.2008)andhelpguidethefederalgovernment’sregionaldevelop
mentpolicy(HrzicandBrand2020).
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Mostpreviousresearchonthedriversofpostreunificationmortalityconvergence
focusedoncomparisonsoftheformerEastandWestGermany,wheredataavailabil
ityallowedresearcherstocharacterizemortalitydynamicsbefore,during,andafter
reunification.Atthetimeofreunification,theEast–WestGermanmortalitygapwas
atitshistoricalmaximumanddominatedbytheEastGermandisadvantageincar
diovasculardeaths(especiallycerebrovasculardeaths)inmiddleandolderagesfor
bothsexesandexternalanddigestivesystemcausesofdeathamongyoungermales
(especiallymotorvehicleaccidentsandlivercirrhosis;Clarketal.2000;Grigoriev
andPechholdová2017;Grigorievetal.2021;Häussleretal.1995).Cardiovascular
mortalitywasdeclininginEastGermanybeforereunification,butthemoreprecipi
tousdropthatcontributedtotheobservedrapidmortalityconvergencedidnotoccur
untilthe1990s,drivenlargelybyarapidreductionincerebrovasculardeathsatolder
ages (Grigoriev andPechholdová 2017;Grigoriev et al. 2021).Deaths associated
withmotorvehicleaccidentsincreasedrapidlyduringreunificationinEastGermany
formalesaged15–30butdeclinedtopreunificationlevelsbythelate1990s(Clark
etal.2000;GrigorievandPechholdová2017;Häussleretal.1995).Deathsdueto
livercirrhosisincreaseduntilthemid1990samongmenaged30–65andonlyslowly
declined,particularlyfortheolderhalfofthisgroup(Grigorievetal.2021).

Onthebasisofthesetrends,researchersproposednumerouspotentialcontributors
tothephenomenonofmortalityconvergenceinGermany,includingbetteraccessto
modernmedical technology, the improvedsocialpositionofeasternGermanretir
ees,andchangesinhealthrelatedbehaviors(forcomprehensivereviews,seeDiehl
2008; Luy 2004).Themanychangesaccompanyingreunificationcomplicatedisen
tanglingthemechanismsdrivingtheconvergence.First,welfareandmonetaryunifi
cationalmostinstantlyledtosignificantlyincreasedpensionincomesandpurchasing
power for easternGermans, especially thosewhowere retirees (Ritter2011; Vogt 
and Kluge 2015).Second,liberalizedmovementledtothemigrationofanestimated
1.2millioneasternGermanstowesternGermanyafter1990(Stawarzetal.2020).
Third,thesolidaritytaxandSolidarityPactcreatedsubstantialinvestmentineastern
German infrastructure, including health care infrastructure (Ritter 2011; Vogt and 
Vaupel 2015).Finally,healthrelatedbehaviors(e.g.,smoking)beganshiftingeven
beforereunification(GrigorievandPechholdová2017;Vogtetal.2017).

To date, however, less research has examined regionallevel postreunification
mortality.VanRaalteetal.(2020)foundthatdespitepersistentdifferencesintheeco
nomicoutputofGermanstates,mortalitydifferencesbetweenstatesdecreasedinthe
decadeafter1991,perhapsowing topostreunificationeconomic transfersbetween
states.Kibeleetal. (2015)examinedlifeexpectancyinGermandistricts in1995–
1997(theearliestperiodforwhichpostreunificationdistrictmortalitydataareavail
able),2002–2004,and2009–2011.Theyfoundacomplexspatialmortalitypattern.
EasternGermandistrictscaughtupafterreunification,withhighmortalityhotspotsin
economicallydisadvantagedareasofwesternGermany(e.g.,inthedeindustrialized
RuhrareaandNorthSeaharbor towns)and lowmortalityareasemerging ineast
ernGermany(e.g.,affluentsuburbsinBrandenburgsurroundingBerlin).Inastudy
comparingpostreunificationmortalitydynamicsindistrictswithandwithoutuniver
sityclinics,VogtandVaupel(2015)showedthataccesstohighqualityhealthcare
influencedtheprocessofmortalityconvergence.Mühlichen(2019)studieddistrict 
levelmortalityintheGermanBalticSearegionandfoundnotabledisparitiesbetween

D
ow

nloaded from
 http://dup.silverchair.com

/dem
ography/article-pdf/60/1/303/1803574/303hrzic.pdf by guest on 05 April 2024



305District-Level Mortality Convergence in Reunified Germany

urbanand ruraldistricts.Finally, in adistrictlevel analysisofGermany in2015–
2017,RauandSchmertmann(2020a)foundthatdistrictleveleconomic indicators
(e.g., gross domestic product and unemployment and poverty rates) had a stron
gercrosssectionalassociationwithdistrictlifeexpectancythanpopulationdensity
or physician density.Their analysis also indicated that these associations differed
betweendistrictsineasternandwesternGermany.

However,thisliteraturehasthreekeylimitations.First,theanalyseswerelimited
totheaggregatedlevelofGermanstates(vanRaalteetal.2020),districtsineastern
Germany(VogtandVaupel2015),districtsintwoGermanstates(Mühlichen2019),
or a few time points (Kibele et al. 2015; Rau and Schmertmann 2020a). Second,
althoughtheseauthors’conclusionsaboutmortalityconvergencewerebasedoncom
paring life expectancies andmortality rates, they did not use formal convergence
measuresorapproaches,suchasbeta,sigma,ordeltaconvergence.Thesemeasures
arehelpfulinclarifying,formalizing,andquantifyingthemultifacetednotionofcon
vergence(cf.Heicheletal.2005;Hrzicetal.2020;Mascherinietal.2018).Finally,
withtheexceptionoftheRauandSchmertmann(2020a)analysis,previousdistrict
levelstudiesdidnotadjustforpotentialinstabilityinmortalityrateestimatesbecause
ofsmallpopulationsizesatthedistrictlevel.

Thus,ourobjectivesaresystematicallyexaminingdistrictlevelmortalityconver
genceinthedecadessinceGermanreunificationand,intheprocess,exploringthe
roleofselecteddistrictcharacteristics.Webeginbyassessingoverallmortalitycon
vergence,whichweoperationalizeasconvergenceinperiodlifeexpectancyatbirth
(henceforth,e0),usingbetaandsigmaconvergencemeasures.Wethenexaminethe
contributionofindividualdistrictstotheoverallmortalityconvergenceordivergence
pat tern by com par ing each dis trict’s e0trajectorywiththeoverallaveragetrajectory
(deltaconvergence).Finally,weexploretheassociationbetweeneachdistrict’se0tra
jectoryanditscharacteristics,includingitstaxbase,longtermunemploymentrate,
hospitaldensity,andaverageresidentage.OuranalysesrefertoallGermandistricts
during1997–2016andarestratifiedbysex.Whenourfindingsdepartfromthegen
eral trend,wealsoreport resultsstratifiedbydecade in thestudy(1997–2006and
2007–2016)andbyeasternandwesternGermany.

Ourstudycontributestoresearchonmortalityconvergenceinthreeways.First,
weexaminewhethereast–westmortalityconvergenceemergedbecauseofequitable
improvementsindistrictlevelmortalityconditionsorbecauseofoutsizedimprove
mentsinafewdistricts.Second,wehelpclarifytheassociationbetweendistrictlevel
characteristicsandpostreunificationdistrictmortalitytrajectories.Finally,byinterro
gatingtherelationshipsbetweenpolitical,social,andeconomicintegrationandmor
talityconvergence,ourstudyaddstothebroaderliteratureontheimpactofsocialand
economicpoliciesonspatialhealthdisparitiesinhighincomecountries.

Data and Methods

Study Setting

Germany isorganized into threeadministrative levels: federalstates,districts,and
municipalities.We focus ondistricts, both rural (Landkreise or Kreise) and urban 
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(kreisfreie Städte or Stadtkreise),whicharetheidealunitofanalysisforourstudy.
Inaddition to reflectingurban–ruraldynamics,districtsbroadlycapture thesocio
economic heterogeneity of populationswithin 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 
Germanyvariedduring1997–2016butiscurrently401.Districtpopulationsinour
datasetrangefromfewerthan35,000inhabitantstomorethan3.5million(inBerlin).
Nosystematicdifferencesinaveragepopulationsizeexistbetweendistrictsofdiffer
entfederalstatesorbetweeneasternandwesternGermany.

Data

Toestimatedistrictlevele0,weextracteddistrictageandsexspecificpopulationand
deathcountsfor1997–2016fromtheGermanregionalstatisticsdatabase(Statistische
ÄmterdesBundesundderLänder2021).Becauseofdatalimitations,wefirstadjusted
thedeathandpopulationcounts(seethenextsection)andthenusedtheminaBayesian 
relationalmodel(seetheEstimationofMortalitySchedulessection).Therelevantdata
fortheyearsprecedingthisperiodarenotpubliclyaccessible.Theestimationprocess
alsorequiredmortalityschedulesforeasternGermany,westernGermany,andallof
Germanyforthesameperiod.Wecalculatedtheseschedulesfromtheageandsex 
specificpopulationanddeathcountsusingtheHumanMortalityDatabase(2021).

Toexploreassociationsbetweenthedistricts’characteristicsandtheirmortality
trajectories,weobtaineddistrictlevelinformationoneconomicconditions(taxbase
andlongtermunemploymentrate)andhospitalcareavailability(hospitaldensity).
For each district,we extracted data on the tax potential and the longtermunem
ployment rate forboth sexescombined from the INKAR(IndikatorenundKarten
zur Raum und Stadtentwicklung) database (Bundesinstitut für Bau, Stadt und
 Raumforschung 2021).We obtained data on the number of hospitals in each dis
trictfor1997–2016(1998–2016forthelongtermunemploymentrateowingtothe
unavailabilityof1997data)fromtheGermanregionalstatisticsdatabase(Statistische
ÄmterdesBundesundderLänder2021).

Adjusting Death and Population Count Data

Tocalculatemortalityratesbyagegroup,wehadtoadjustthedeathandpopulation
countstoovercomefourproblems:differencesinthedatasetstructuresforthedeaths
comparedwiththepopulationcounts,changesovertimeinGermany’sadministrative
structure,districts’nonreportingofdeathcountsintheopenagecategory,anddis
tricts’nonreportingofcellswithcountsofoneortwodeaths.

First,we disaggregated deaths into 19 age groups (0–1, 1–4, 5–9,..., 80–84,
and85+)andthepopulationcountinto17agegroups(0–2,3–5,6–9,10–14,15–17,
18–19,20–24,...,60–64,65–74,and75+).Becauseofthesedifferentagegroups,
weusedthenonstandardagegroups0–9and65–74andtheopenagegroup75+ when 
calculatingdistrictagespecificmortalityrates.

D
ow

nloaded from
 http://dup.silverchair.com

/dem
ography/article-pdf/60/1/303/1803574/303hrzic.pdf by guest on 05 April 2024



307District-Level Mortality Convergence in Reunified Germany

Second,becauseofadministrativereformsinfourfederalstates,weconsolidated
deathandpopulationcountsinthe37districtsinto15newdistrictsandrecodedthree
districtstoarriveatalongitudinaldatasetmatchingGermany’sadministrativestruc
turein2017.

Third,162districtsdidnotreportdeathcountsforeithersexintheagecategories
75–79,80–84,or85+during1997–1999.Thenumberofsuchdistrictsdecreasedto
65in2000,to50in2001–2006,andto0thereafter.Becausealldistrictsreportedtotal
deathcountsbysex,wecalculateddeathsatages75+ by subtracting from the total all  
deathsreportedforloweragecategories.

Fourth, during 1995–2008, 42–68 districts had censored cellswith one or two
deaths.Wereplacedthemissingdeathcountsinthesecellswith1.5.

Further, to reducedata sparseness,wepooled thedata into threeyear intervals
toestimatethemortalityratesforthemiddleyear.Forexample,weuseddatafrom
1996–1998toestimatetheratesfor1997,datafrom1997–1999toestimatetherates
for1998,andsoon.

Estimation of Mortality Schedules

Toestimatemortalityschedulesforsingleagesandtheir95%confidenceintervals
(CIs)fromthemortalityratesbyagegroup,weusedarelationalBayesianmodelthat
RauandSchmertmann(2020a)usedtoestimatedistrictlifeexpectancyinGermany
during2015–2017.Theunderlyingapproachisbasedonthetoolforprojectingage
specific rates using linear splines (TOPALS)model (deBeer 2012). In this case,
TOPALSappliesa linearsplinetoestimatetheratiosbetweendistrictagespecific
probabilitiesofdeathandasmoothedstandardageschedule.Thelogmortalityatany
ageisthusmodeledasthestandardmortalityschedule(log µx* ) plus a lin ear spline 
function:

logµ̂x = logµx* +Bx′
⌢α.

ThemodelusesaBsplinewithsplineknotslocatedatages0,1,10,20,40,70,and
90toestimatedistrictmortalityageschedulesforsingleages0–89.Thesplinecoef
ficients,α,thuscorrespondtodeviationsinthemortalityageschedulefromthestan
dardattheknotlocations.Thestandardmortalityschedulewasconstructedfromthe
HumanMortalityDatabase(HMD)(2021)dataforGermany.

UsingtheTOPALSmodelinaBayesianhierarchicalframeworkenforcesamor
talityscheduleshapederivedfromthecombinationofthenationalmortalityschedule
andthemortalityschedulesofdistrictsinthesamefederalstate.Thisshapeisimple
mentedasthreepriors:ahierarchicalspatialprior,anormalpriordistributionforthe
differencesbetweenTOPALScoefficients(β)forconsecutiveagegroups,andaprior
formale–femaledifferencesinlogmortalityrates.Theuseofthestandardmortality
scheduleincombinationwiththehierarchicalspatialpriorensuresthateachofthesix
districtTOPALScoefficientssharesacommonnationalmeanandacommonfederal
statedeviationfromthestandard.Thishierarchicalspecificationenforcessimilarity
betweendistrictsbypoliticalgeography,whichisareasonabletheoreticalassumption
givensimilaritiesinsocioeconomiccontextandhealthpolicy.
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Thesecondpriorforthedifferencesincoefficientsbetweenconsecutiveagegroups
effectivelysmoothsthemortalityageschedulesbyexpectingthesedifferencestofol
low a nor mal dis tri bu tion N 0, 0.5( ).Smoothinghasarelativelygreaterimpactindis
trictswithparticularlylargevariationsbetweenadjacentagegroupsthatarise owing to 
smallpopulationsizesorincompletedata(GonzagaandSchmertmann2016).

Thethirdpriorformale–femaledifferencesinlogmortalityratesperage,zone,
andyear (δx ,z ,t* )wasbasedonempirical sexdifferences inHMD life tables esti
mated for each year in the study forwesternGermany, easternGermany, or all
ofGermanyfordistrictsinthewestofthecountry,eastofthecountry,orBerlin,
respectively. For more detail on the hierarchical TOPALS model, see Rau and
Schmertmann(2020b).

Ourmodel implementationcloselyfollowedthepreviouslydescribedcanonical
approach.Thesoleexceptionisthatweusedsplineknotslocatedatages0,1,10,20,
40,and70becauseouropenagegroupwas75+ and would be too dis tant from the 
seventhknotatage90.Wedidnotincludetemporalsmoothing,sowetreatedeach
periodasindependent.

ThemodelwasfitbyMarkovChainMonteCarlosamplingfromthejointposte
riordistributionimplementedviatheRStanpackage(StanDevelopmentTeam2022).
Toextrapolatetheestimatedmortalityschedulesandtheir95%CIstoages85–119,
wemodeledmortalityratesforages70–89usingthetwoparameterKannistomodel
(Thatcheretal.1998),whichisoftenusedforthistask.

Finally,weusedstandardmethodstocalculatethelifeexpectanciesatbirth(e0) 
andtheir95%CIsfor401Germandistrictsduring1997–2016fromtheestimated
mortality schedules (Prestonetal.2000).Theuncertainty intervalsarounddistrict
e0pointestimates,rangingfrom0.15to0.94years,weresmallenoughtojustifyour
focus only on the point esti ma tes of dis trict e0,ignoringtheuncertaintyintervalsfor
therestoftheanalyses(seetheonlineappendix,section1).WeusedRtoperform
allcalculations(RCoreTeam2022);thecodeusedisavailableonline(https://github
.com/rhrzic/Demography_GerDistrMortConv).

Toassessthemodel’sperformance,weappliedstandardMarkovchaindiagnostics
(i.e.,examiningtraceplotsforconvergenceandagreementbetweenparallelchains),
whichdidnotindicateanyissueswithparameterestimation.Inaddition,weaggre
gatedtheestimatedmortalityschedulesforalldistrictsbyyearandsextoarriveat
amodelestimateforthenationalmortalityschedule,whichwecomparedwiththe
HMDnationalmortalityschedulebysexandyear.Thecomparisonshowedthatthe
modelunderestimatedmortalityrates inchildhoodandveryoldagecategoriesfor
men—theagegroupswiththelowestdeathcounts(seeFiguresA3andA4,which
appearintheonlineappendixalongwithallotherfiguresandtablesdesignatedwith
an“A”).

Assessment of Mortality Convergence

Ourstudyexaminedmortalityconvergenceacrossdistricts,whichweoperationalized
asconvergenceindistricte0.Becauseconvergenceisamultidimensionalphenome
non,weuseddifferentmeasurestoexamineit(Heicheletal.2005).
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Webeganbyexaminingtrendsine0overtime.Next,weassessedbetaandsigma
convergence to determine, respectively, whether lagging districts caught up over
timeandwhetheroveralldispersion ine0decreasedover time.Thisallowedus to
characterize the overall districtlevelmortality dynamics over time as uniform or
not,trendingupwardordownward,andmovingtowardconvergenceordivergence
(Mascherinietal.2018).Uniform refers towhether theaverageupwardordown
ward trend in e0alsopertainedtoeachdistrict.Trending upward or down ward refers 
towhethertheaveragee0wasincreasingordecreasing.Convergence or diver gence 
refers to whether dis per sion in e0wasdecreasingorincreasing(sigmaconvergence),
whichwouldbeenabledbylaggarddistrictscatchingup(betaconvergence).Ouraim
wastoestablishwhetherwecouldobserveuniformupwardmortalityconvergence,
whichisthemostdesirablescenario:itwouldindicatethatmortalityconditionswere
notonlybecomingmoresimilarbutalsoimprovingacrossalldistricts.

Inthesecondpartoftheanalysis,weassesseddeltaconvergencebyexamining
whether the e0trajectoriesofindividualdistrictswerebecomingmoresimilartothe
German average district e0 trajectory.This analysis allowed us to identify groups
ofdistrictscontributingtomortalityconvergenceordivergenceandtoidentifydis
trictcharacteristicsassociatedwithparticulardistrictlifeexpectancytrajectories.See
Table1foranoverviewofthekeyconvergenceconceptsusedinthisarticle.

Beta Convergence

Toassessbetaconvergence,weexaminedwhethere0improvedfasterinthedistricts
with lower e0atthestartoftheobservationperiodthaninthedistrictswithinitially
higher e0(SalaiMartin1996).Wedidsobyusinglinearregressiontoexaminethe
asso ci a tion between e0 of dis trict iatthestartofaperiod( e0 i,t1 ) and the change in e0 
in dis trict i between t1 and t2:

Δe0 i,t2  − t1 = α +β e0 i,t1 + ε.

Iftherelationshipwasinverse(βwasnegative)andtheassociationwasstatistically
significant,weconcludedthatbetaconvergenceoccurredbetweent1 and t2.

Table 1 Overviewoftheconvergenceconceptsusedinthisstudy

ConvergenceConcept Explanation

BetaConvergence Mortalityimprovedfasterindistrictswithinitiallylowerlifeexpectancyat
thestartofobservationperiodthanindistrictswithinitiallyhigherlife
expectancy.

SigmaConvergence Districtlifeexpectancydispersiondeclinedintheperiodobserved.
DeltaConvergence Adistrict’slifeexpectancybecameclosertothatofagoal—forexample,

thecountryaverage—intheperiodobserved.
UniformConvergence Thelifeexpectancyofall observeddistrictschangedinlinewiththe

changeintheaverage.
UpwardConvergence Theaveragelifeexpectancyacrossdistrictsimprovedinthestudyperiod.

D
ow

nloaded from
 http://dup.silverchair.com

/dem
ography/article-pdf/60/1/303/1803574/303hrzic.pdf by guest on 05 April 2024



310 R. Hrzic et al.

Sigma Convergence

Toassesssigmaconvergence,weexaminedwhethertherewasareductionindisper
sion in dis trict e0overtime(SalaiMartin1996).Wemeasureddistricte0 dis per sion 
usingthevariance,whichwecalculatedforeachsexandyearincludedintheanaly
sis.Ifthevariancewassmalleratt2 than at t1,weconcludedthatsigmaconvergence
occurred between t1 and t2.Statisticalinferenceregardingsigmaconvergencecanbe
incorporated(cf.Hrzicetal.2021;Janssenetal.2016).However,becauseouranaly
sisfocusesprimarilyondescribinglongtermtrendsinsteadofformalinferencetests
ofprecisehypotheses,wedidnotpursuethestrategyinthisstudy.

Using established onestage decomposition procedures (Akita 2003; Shorrocks 
and Wan 2005),wedecomposedthetotalvarianceindistricte0into(1)thebetween 
component,representingtheaveragedistricte0 in east ern and west ern Germany; and 
(2)thewithincomponent,representingthedifferencesbetweendistricte0withineast
ernGermanyandwithinwesternGermany(ConceiçãoandFerreira2000).Withthis
step,weaimedtohighlighttherelativeimportanceofchangesindistrictmortality
disparitiesatthelevelofeasternandwesternGermanycomparedwiththechangesin
mortalitydisparitiesbetweendistrictswithineachpartofGermany.Wetherebypro
videadditionalinsightintothelongtermimpactofpostreunificationpoliciesbecause
theylargelytargetedthedistrictsineasternGermany.

Delta Convergence (e0 tra jec tory groups)

Deltaconvergenceassessesaunit’sperformanceinanindicatorachievingaspecific
goal—for example, the life expectancy ofGermanmen reaching that of Swedish
men (Heichel et al. 2005;NoyandSpragueJones2016). In this case, thegoal is
thematchingofGermandistricts’lifeexpectancytrajectorywiththatoftheaverage
Germandistrict.Toassessdeltaconvergence,wethereforecompareddistricte0tra
jectorieswiththeaverageGermandistricte0trajectorybycomparingstartinglevels
of e0andchangeovertimeine0.Theselectedgoalallowedustoidentifyfourgroups
ofdistricts:(1)thedecreas ing dis ad van tage group of dis tricts that started below the 
averageGermane0butsawgreaterthanaveragee0gains;(2)thedecreas ing advan
tagegroupofdistrictsthatstartedabovetheaverageGermane0 but saw lower than 
averagee0gains;(3)theincreas ing dis ad van tage group of dis tricts that started below 
theaverageGermane0andhadlowerthanaveragee0gains;and(4)theincreas ing 
advan tagegroupofdistrictsthatstartedabovetheaverageGermane0 and saw greater 
thanaveragee0gains(seeFigure1foranillustration).

Thischaracterizationofdistrictshasseveraladvantages.First,itallowsustoexam
inethespatialdistributionofthemortalityconvergenceprocessbecausethefirsttwo
districtgroupscontributedtomortalityconvergence,whereasthelattertwogroupscon
tributedtomortalitydivergence.Second,itallowsustoexaminewhethertheoverall
mortalityconvergenceprocessisuniformandstable,withmostdistrictscontributingto
mortalityconvergence.Third,itallowsustoexaminewhethertheconvergenceprocess
isdominatedbydistrictswithadecreasingmortalitydisadvantageorinsteadbydis
trictswithadecreasingmortalityadvantage;theformeristhemorefavorablescenario.
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311District-Level Mortality Convergence in Reunified Germany

The Association of District e0 Trajectory Groups With District Characteristics

Toidentifypossiblemechanismsdrivingmortalityconvergenceanddivergence,
weexplored the associationsbetweendistrict characteristics anddistrictmem
ber ship in one of four e0 trajectorygroupsestablishedinthedeltaconvergence
analysis.Wedid sobyfittingmultinomial regressionmodels for each sex that
controlledforfederalstate,usingtheincreasingdisadvantagedistrictgroupasthe
referencecategorybecause it represents thepoorestperformingdistricts.From
the literature identifyingdistrict economicperformanceanddeindustrialization
and improved access to health care as important determinants of districtmor
talityinGermany(seetheIntroduction),weselectedthefollowingindependent
variables: the district tax base, longterm unemployment rate, hospital density
(hospitalsper100,000population),andtheaverageresidentage.Weincludedthe
averageageasaproxyfordifferencesintheextentofpopulationagingandout
migrationacrossdistricts.

For each independent variable, we calculated the average value over time
forthedistrictbecauseweexpectthatlongtermtrendsindistrictmortalityare
driven by longterm 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)thevariablesbysubtractingtheoverallmeananddividingbythestandard
deviation toproduce standardizedeffect size estimates.Wefit themultinomial
logit prob a bil ity mod els simul ta neously using the nnetRpackage(Venablesand 
Ripley 2002).
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Fig. 1 Illustrationofthedistricte0lifeexpectancytrajectorygroups
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Sensitivity Analyses

Totesttherobustnessofourfindings,weperformedseveralsensitivityanalyses.First,
we calculated all the convergencemeasuresusingpartial life expectancybetween
ages25and75(e2575) instead of e0.Weperformedthiscalculationbecauseofthedata
limitationsintheyoungestandoldestagesandthepossibilityofourestimatedmor
tality schedules exhibitingbias in theseages.The resultswerealignedwith those
reported for e0(seetheonlineappendix).

Second,wefocusedonunweightedmeasuresofbetaandsigmaconvergencein
ouranalyses.However,becausepopulationweightedmeasuresreflectbothdispari
tiesbetweenplacesandtheirrelativepopulationsizes,wealsocalculatedweighted
versionsofthemeasures.Theweightedmeasuresexhibitedthesametrendsandled
tothesameconclusionsastheunweightedoutcomes.

Third,wefocusedonvarianceasadispersionmeasuretoassesssigmaconver
gence.However,becausedispersionmeasuresdifferintheirmathematicalproperties
andability tosummarizeadistribution,wealsocalculated theTheil index,which
remainsunchangedbyequalproportionalchangesinthedistrictlifeexpectancydis
tribution(Cowell2011).ResultsusingtheTheilindexwerealignedwiththeresults
forthevariance(seetheonlineappendix,section3).

Fourth,whenexploringtheassociationofdistricte0trajectorieswithcontextual
characteristics,wealsoexploredbivariateassociationsandanextendedmodelthat
controlled for theaverageannualchange in the includedvariablesandnot simply
theiraveragevalues.Theresultsweregenerallyalignedwith thoseof theprimary
model(seetheonlineappendix,section6).

Results

Overall Mortality Convergence

Between1997and2016,lifeexpectancyincreasedforbothsexesinall401German
districts(Figure2 and Table2).Districts intheeasternpartof thecountryexperi
encedgreaterimprovementsine0thanthoseinthewest.Acleareast–westgapwas
visiblein1997,andanorth–southgradientcouldbeseenin2016.Theincreaseine0 
waslargerin1997–2006thanin2007–2016forbothsexesandforbothwesternand
easternGermany(Table2).

The asso ci a tion between the change in e0 and the ini tial e0was significant and
negative for both sexes, indicating beta convergence and suggesting that districts
with ini tially lower e0caughtupovertime(betamen = −0.31,95%CI[–0.36,−0.26];
betawomen = −0.46,95%CI[–0.53,−0.40]).Comparingtheearlyandlatestudyperiods
(1997–2006vs.2007–2016),wefoundthattheassociationwasattenuated:mortality
convergenceweakenedovertime(Table2).

Thetotalvarianceine0declinedforbothsexesoverthestudyperiod,indicating
sigmaconvergence (Figure3).Thedecompositionshows that theoverallmortality
convergencewasdrivenmainlyby thereduction in thebetweencomponent,which
correspondstoareductionintheaveragedifferenceine0 between the east ern and the 
westernGermandistricts.Thisreductionwasrapidatfirstbutslowedovertimefor
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313District-Level Mortality Convergence in Reunified Germany

bothsexes.Atthesametime,thewithincomponentofvarianceincreased,indicating
an increase in dif fer ences between dis trict e0withineasternGermanyorwithinwest
ernGermany.Thewithincomponentsteadilyincreaseduntil2006andthenfollowed
aUshape,withanadirin2011.Becausethewithincomponentcouldbedrivenby
increased dif fer ences in dis trict e0ineitherorbothpartsofGermany,westratifiedthe
examinationofdispersionbyareaofGermany(eastvs.west)andstudyperiod(early
vs.late).Thestratifiedanalysisindicatesthatdistrictmortalitydifferencespredomi
nantlyincreasedwithinwesternGermanyanddecreasedwithineasternGermany.Fur
ther,themortalityconvergencewithineasternGermanyslowedovertime(Table2).

Insum,thestudyperiodwascharacterizedbyuniformupwardmortalitycon
vergencethatwasdrivenprimarilybyareductionintheaveragedifferenceine0 
betweeneasternandwesternGermany,whichinturnwasdrivenbyrapidmortality
improvementsinalleasternGermandistricts.However,wealsofoundevidenceof
theoverallconvergenceprocessslowingover timeowing to themortalitydiver
gencewithinwesternGermanyand theslowingofmortalityconvergencewithin
easternGermany.

District e0 Trajectory Groups

Toassessdeltaconvergence,wecomparedthedistricte0trajectorieswiththeoverall
Germandistrictaveragee0trajectorytoidentifyfourgroupsofdistricts:decreasing

Fig. 2 Estimatedlifeexpectancyatbirth(e0)for401Germandistricts,bysex,in1997and2016,andthe
change(inyears)from1997to2016
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disadvantage,increasingdisadvantage,increasingadvantage,anddecreasingadvan
tage(Figure4).

Two thirds of districts for both sexes were in the decreasing disadvantage or
decreasing advantage groups, contributing tomortality convergence. This finding
indicatesastableprocessofmortalityconvergence,giventhatitresultedfrommor
talitytrendsinmostdistrictsandwasnotdrivenbyoutliers.MosteasternGerman
districts (71of76 forbothsexes)belonged to thedecreasingdisadvantagegroup,
andeasternGermanymakesupthemajorityofdistrictsinthisgroup.Notsurpris
ingly,alldistrictsinthedecreasingadvantagewereinwesternGermany.However,
approximately10%ofwesternGermandistrictsalsosawaboveaveragemortality
improvementsduringthestudyperioddespitestartingatadisadvantage,whichwas
unexpected.

The districts in groups contributing tomortality divergence—increasing disad
vantageandincreasingadvantage—werepredominantlyinwesternGermany.Most
districtsintheincreasingadvantagegroupwereinsouthernGermany,whereasthe
districtsintheincreasingdisadvantagegroupformedclustersinnorthwestGermany.
Overall,thedistrictgroupclustersdidnotfollowstateborders.

Thus, the overall mortality convergence process was driven by a robust and
uni form pro cess of catch ing up that included almost all  east ern Ger man dis tricts 
andby the relativemortalitystagnation innorthwesternGermany. Inaddition, the
strong e0 gains in the south and the con cur rent fall ing behind of dis trict clus ters in  

Table 2 Changeinlifeexpectancyatbirth(e0),betaconvergencecoefficient,andchangeinthevariance
acrosstheGermandistricts,1997–2016,bysex,decade,andregion

AverageLife 
ExpectancyChange

(years)
BetaConvergenceCoefficient

(95%CI)
AnnualRelativeChange
intheVariance(%)

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:Ifthebetacoefficientisnegative,lifeexpectancyimprovedfastestindistrictswiththelowestlife
expectancyatthestart.CI=confidenceinterval.

*p <.05

D
ow

nloaded from
 http://dup.silverchair.com

/dem
ography/article-pdf/60/1/303/1803574/303hrzic.pdf by guest on 05 April 2024



315District-Level Mortality Convergence in Reunified Germany

northwesternGermanyindicateanincreasinglydominantmortalitydivergencefol
lowinganorth–southpattern.However,unliketheeast–westconvergence,thenorth–
southdivergencepatternappearstobemorespatiallycomplexanddrivenbyclusters
ofdistrictsnotcharacterizedbyfederalstateborders.

The Association of District e0 Trajectory Groups With District Characteristics

Toidentifypossiblemechanismsdrivingmortalityconvergenceanddivergence,we
usedmultinomialregressiontoexploretheassociationbetweendistrictcharacteristics 
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Fig. 3 Convergenceindistrictlifeexpectancyatbirth(e0)inGermany,1997–2016,bysex,region,and
decade.Panelsaandbshowscatterplotsofdistricte0 at the starting year against the change in district e0 
duringthestudyperiod(1997–2006inpanelaand2007–2016inpanelb)bysexandpartofGermany
(eastern,western,andboth).Panelscanddshowsmoothedtrendsintotalvarianceandthebetweenand
withincomponentsofthetotalvariance,bysex.Thebetweencomponentcorrespondstotheaveragedif
ferencebetweeneasternandwesternGermandistricts,whereasthewithincomponentcorrespondstothe
differencesbetweendistrictswithinbotheasternandwesternGermany.
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(longtermunemployment,taxbase,hospitaldensity,andaverageresidentage)and
the dis trict e0 trajectorygroups(describedearlier).FigureA9illustratesthespatial
distributionoftheexamineddistrictcharacteristics.

Theresultssuggestthatahigheraveragetaxbaseandaloweraveragelongterm
unemploymentraterelativetothoseofthereferencegroup(increasingdisadvantage)
wereassociatedwithadistrictexhibitingane0advantageforbothsexesthroughout
thestudyperiod(Figure5andTableA2).Ahighertaxbasewasalsoassociatedwith
a decreas ing e0disadvantageforwomenbutnotmen.Theaveragehospitaldensity,
aproxyforaccesstosecondaryandtertiaryhealthcare,didnotsystematicallydif
ferbetween thereferenceandothermortality trajectorygroups.Finally,compared
withthereferencegroup,allotherdistrictgroupshadaloweraverageresidentage,
especiallythegroupswithanaboveaverageimprovementine0—thatis,decreasing
disadvantageandincreasingadvantage.

In sum, we found the strongest association with district e0 tra jec tory groups 
with the economic performance variables: the district tax base and the longterm 
unemploymentrate.Strongereconomicperformancewasassociatedwithadistrict
maintaining or increas ing its e0advantage.

Female Male

Increasing disadvantage Decreasing disadvantage Decreasing advantage Increasing advantage

Fig. 4 Germandistricttrajectoriesinlifeexpectancyatbirth(e0)comparedwiththeaverageGermane0 
trajectory.Fourgroupsofdistrictsaredistinguishedaccordingtotheire0trajectory:decreasingdisad
vantage,increasingdisadvantage,increasingadvantage,anddecreasingadvantageduring1997–2016,
bysex.
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317District-Level Mortality Convergence in Reunified Germany

Discussion

We analyzed longterm trends in mortality convergence across German districts
during1997–2016andexploredcontextualdeterminantsof theprocess.Wefound
thatallGermandistrictsexperiencedimprovede0andthattheoveralldispersionin
dis trict e0decreased.Thisoverall trend towardconvergencewasmainlydrivenby
rapidlifeexpectancyincreasesintheeasternGermandistricts.However,wefound
 con sid er able het ero ge ne ity in the dis trict e0trajectorieswithinfederalstates.Thishet
erogeneitywasreflectedintheformationofdistrictclustersinnorthwesternGermany
with increas ing e0disadvantagerelativetotheaverageGermandistricte0 tra jec tory 
thatcontributedtoanemergingnorth–southmortalitydivergence.Finally,wefound
that dis trict e0trajectorygroupswerestronglyassociatedwithtwoindicatorsofdis
tricteconomicperformance:thetaxbaseandthelongtermunemploymentrate.The
districthospitaldensityseemedtoplayalessimportantrole.

Interpretation of Main Findings

Our finding that mortality in Germany overall converged over our study period
is in linewith the results of previous studies examiningmortality convergence in 
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Fig. 5 Associationofdistricte0trajectorygroupswithdistrictcharacteristicsfor1997–2006,bysex.The
increasingdisadvantagetrajectorygroupwasusedasthereference.
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GermanyatthelevelofformerEastandWestGermanyandattheleveloffederal
states (GrigorievandPechholdová2017;Grigorievetal.2021;vanRaalteetal.
2020).However,ourstudyisthefirsttoshowthatthiseast–westconvergencewas
drivenbyanaboveaveragee0improvementinalmostalleasternGermandistricts,
particularly in the decade 1997–2006.Evenmore rapidmortality improvements
ineasternGermany thatwecouldnotobserve likelyoccurred immediatelyafter
reunification,in1991–1996.Wealsofoundthattherapidmortalityimprovements
did not result in increased mor tal ity dif fer ences between east ern Ger man dis tricts 
during1997–2006.Thisisanimportantandwelcomefinding,giventhatthediffer
encesbetweeneasternGermandistrictsintermsofeconomicperformance,popula
tionstructure,availabilityofhealthcare,andothercharacteristicswouldnormally
lead us to expect more heterogeneous trends in district e0.Although our study
designdoesnotallowforinferencesonthemechanismsbehindthisobservation,
wespeculatethat thesubstantialpostreunificationpublicspendingthat improved
theeasternGermanhealthcareinfrastructureandprovidedmoregeneroussocial
welfaretransfersforindividuals,especiallythoughpensionincomes(Ritter2011; 
Vogt and Kluge 2015),mayhavedilutedtheeffectsofeconomic,demographic,and
otherdifferencesbetweendistrictsondistrictmortalityconditions.Theshortterm
effects of this postreunificationpublic spending likelybenefited easternGerman
retireesthemost(Grigorievetal.2021; Vogt and Vaupel 2015) because their health 
wasprimarilyinfluencedbytheunificationofsocialwelfaresystemsofformerEast
andWestGermany,andbecausetheimprovementsinthehealthcaresystemwere
largely independent of district characteristics.However, themore recent district
mortalitytrendsineasternGermanyaredrivenbycohortsofworkingagesduring
reunificationwho 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;Richteretal.2020; Snower and Merkl 2006).We
wouldexpectthedistrictcharacteristicstomattermoreforthemortalityofthese
cohorts and thus for east ern Ger man dis trict e0trendstodiverge.Insupportofthis
hypothesis,wefoundincreaseddispersionindistricte0 in east ern Germany dur ing 
2007–2016,indicatingmortalitydivergence.However,thisresultrequiresfurther
studyusingdatacollectedinthefuturesincethesecohortshavenotyetreachedthe
agesatwhichtheriskofdeathishighenoughtoallowforanunequivocaltestof
thehypothesis.

Our study showed that dif fer ent e0trajectorygroupscoexistedinthesamefed
eralstate—apatternthatwouldbeobscuredinstudiesconsideringstateleveldata
only.Becausethisheterogeneitywasstableovertimeandpresentforbothsexes,
itisunlikelytobeastatisticalartifact.Thedistrictsintheincreasingdisadvan
tage e0trajectorygroupcoincidedwiththedeindustrializedareasinnorthwestern
Germany that could notmatch the pace of averagemortality improvements in
Germany.Thissituationledtoanorth–southmortalitydivide,alsodocumented
previously (Kibele et al. 2015).Our explorationofdistrict characteristics indi
cates that economic performance, as measured by each district’s tax base and
longterm unemployment rate, influenced the development of this e0 tra jec tory 
group and, consequently, of the north–southmortality divergence. Reinforcing
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theimportanceoftheeconomiccontextinthemortalitydivergenceinGermany,
previousstudiesfoundthatdeindustrializedregionsexperiencingadifficulteco
nomic transition tend to haveworse population health and increasedmortality
(Silveretal.2011;Walshetal.2010;Wamietal.2021).InGermany,thenorth–
southeconomicandmortalitydivergencemayalsobeareflectionofdifferences
inthesocioeconomicconditionsoftheeasternandthewesternpartsofthecoun
try.Whereasdistrictsintheeastexperiencedeconomicrestructuringandreceived
subsidized welfare transfers (Ritter 2011), western German deindustrialized
regions experienced economic restructuringwithout additionalwelfare support
(Hospers2004).

We found that the dis trict hos pi tal den sity was not as strongly asso ci ated with dis trict 
mortalitytrajectoriesasthedistricteconomicperformance,whichalignswiththecon
clusionsofarecentstudyofGermandistrictlevellifeexpectancyin2015–2017(Rau
and Schmertmann 2020a).Wenotetwopotentialexplanationsforthisfinding.First,
economiccircumstancesmayinfluencemortalitythroughmechanismsindependent
ofmedicalcareaccess.Forexample,theprevalenceofharmfullifestylechoices— 
suchassmoking,alcoholconsumption,andlowphysicalactivity—isassociatedwith
adverse regionaleconomiccircumstances inGermanyandelsewhere (Galánetal.
2021;Kaiseret al.2018; Kleinjans and Gill 2022;SchüleandBolte2015) and is 
notdirectlyinfluencedbyhealthcareavailability.Second,theimpactofhealthcare
availabilitymaybeattenuatedbyselectiveoutmigration:individualswhoarehealth
ier,bettereducated,andhigherearnersaremore likely tomove tomoreeconom
ically prosperous regions, leaving behind districtswith fewer opportunities and a
sickerpopulation(VaalavuoandSihvola2021).IntheGermancontext,reunification
led toconsiderableeast–westmigrationflows,withoutmigration fromruraleast
ernGermanybeingparticularlyhigh(Stawarzetal.2020).Giventheyoungerages
ofmostpostreunification internalmigrants, though, selectiveoutmigration in this
contextdidnotleadtotheconcentrationoffrailelderlypersonsineasternGermany
duringourstudyperiod(VogtandMissov2017).Instead,itresultedinaneconomic
disadvantageduetoworkforcelosses.Weinterpretourresultsassupportingthefirst
potentialexplanation,butfurtherresearchonthisquestionisneeded.Inparticular,
studiesleveragingcurrentlyunavailableindividualanddistrictleveldataonhealth
behaviors,migrantstatus,healthcareaccessandutilization,andcausespecificmor
talitywouldbeabletosupportfurtherinferenceinthisregard(seeRecommendations
forFurtherResearch).

Evaluation of Data and Methods

Ourstudyutilizedanovelflexiblemodeltointerpolatethemissingdistrictlevelmor
talitydataandsmooththeagemortalityschedules,allowingacloseexaminationofthe
processofdistrictlevelmortalityconvergenceinGermanyover twodecades.How
ever,theinterpolation,smoothing,andborrowingofdatabetweendistrictswithinstates
mayhaveintroducedmodelrelatedbiasintoouranalysisanddecreasedourabilityto
detectshorttermmortalityfluctuations.Borrowingdatabetweendistrictswithinstates
relies on the assump tion that state bor ders are more impor tant mor tal ity deter mi nants 

D
ow

nloaded from
 http://dup.silverchair.com

/dem
ography/article-pdf/60/1/303/1803574/303hrzic.pdf by guest on 05 April 2024



320 R. Hrzic et al.

thangeographicproximity,whichmaynotalwaysbethecase.Oneissuewedetected
wasthatrelativetotheHMDdatabysexandyear,ourmodelunderestimatedmortality
ratesinchildhoodandatveryoldages—theagegroupswithverylowdeathcounts(see
FiguresA1andA2).However,wedonotbelievethattheunderestimationofmortal
ityratesintheseagegroupssubstantiallyinfluencedourresults:wereplicatedthekey
findingsusinglifeexpectancybetweenages25and75(e2575)astheoutcome,andthese
modelestimateswereclosertotheestimatesbasedonHMDdata(seeFigureA5).

Focusingonthedistrictlevel,forwhichourmodelingwasimperative,alsohad
severalkeyadvantages.First,wecouldidentifydistrictclustersthatoverorunder
performedtheaveragelifeexpectancytrajectorywithinfederalstatesandthosethat
stretchedbeyondstate lines.Furthermore,wecouldhighlightdifferencesbetween
districtswithin federal states—aparticularly relevant study feature given the het
ero ge ne ity in dis trict e0trajectories,whichareobscuredinanalysesusingstatelevel
data.Theadvantagesofusingthislevelofanalysisoutweighthepossibleissueswith
quantitativeprecision.

Ourstudyalsobenefittedfromourmultiplesensitivityanalysesverifyingthemain
findingsbyusingpopulationweightedmeasuresofconvergenceandtheTheilindex
instead of variance as themeasure of life expectancy dispersion. These analyses
increaseourconfidenceinourresults.

Ourexplorationof theroleofdistrictcharacteristics inmortality trajectorieswas
limitedforthreereasons.First,wedidnotincludeallrelevantcontextualfactors(e.g.,
the built environment) or the prevalenceof healthrelatedbehaviors (e.g., smoking,
diet,physicalactivity,alcoholconsumption).Unfortunately,districtleveldataonthese
factorsarenotreadilyavailable.Second,thevariablesweselectedtoreflectdistricteco
nomicperformanceandaccesstohealthcarewerelikelyimperfect.Economiccontext
andhealthcareaccessaremultidimensionalconcepts,andacomprehensiveevaluation
oftheirroleindistrictmortalityconvergenceinGermanyrequiresdatathatarenotcur
rentlyavailableandisbeyondthescopeofthisstudy.Third,byusingthemultinomial
regressionmodel,weforfeitedinformationonvariationinthelifeexpectancytrajecto
riesbyeffectivelyflatteningthemintofourcategories.However,theaimofouranalysis
oftheroleofdistrictcharacteristicsinmortalitytrajectorieswastoexplorethefindings
fromthemortalityconvergenceportionofthestudy,particularlytheidentificationof
highmortalityclusters.Indeed,thedataandthemodelsweusedarenotwellsuitedto
makingcausalclaimsabouttherelationshipbetweenthedistrictcontextandtheindi
vidualoutcomes.However,therobustnessofthecorefindingstomodelspecification
andperiodchoice(seeTableA2)supportsourconclusions.

Recommendations for Further Research

Ourfindingsindicatethatthenorth–southmortalitydivergenceinGermanymaybe
drivenprimarilybytheincreasinge0disadvantagetrajectorygroupineconomically
distressed clusters of districts in deindustrialized areas in northwesternGermany.
This observation suggests several directions for future research. First, it is neces
sary to estab lish whether eco nomic per for mance is indeed the salient char ac ter is tic 
that distinguishes the increas ing e0 disadvantage trajectory group from theothers.
Doingsowillrequireamorecomprehensiveexaminationoftheimplicateddistricts
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asplaces(e.g.,theirenvironmentalandsocialcontexts)andpopulations(e.g.,their
agestructure).Indepthcasestudiesofvanguardandlaggarddistrictscanbehelpful
inthistaskbecausetheyallowforacarefulexaminationoftheinterplayofvarious
district characteristics.Longitudinal studies examining the age groups driving the
observedtrendsinmortalityconvergenceanddivergenceandtheassociationbetween
districtmortalitytrajectoriesandtheircharacteristicswillbeavaluablecontribution
totheliterature(cf.Grigorievetal.2019),attainablewhenmorecompletedistrict
levelmortalitydatabecomeavailable.

Second,ifdifferencesinlocaleconomicperformanceareindeedthekeydistinc
tions between the e0trajectorygroups,wealsoneedtounderstandthemechanisms
throughwhichthelocaleconomiccontextshapedthehealthandmortalityoutcomes
ofdistrictpopulationsinGermanyoverthepasttwodecades.Bothresearchdirec
tionswillrequirebetterdistrictleveldataonthesevariablesthanarecurrentlyavail
able, including districtlevel data on health care utilization, employment, income,
healthrelatedbehaviors,andcausespecificmortality.Studiesfocusingonthemech
anismsoftheseeffectswouldalsobenefitfromlinkingindividualorhouseholdsur
veydata,suchasdatafromtheGermanSocioEconomicPanel(Wagneretal.2007),
withinformationonthedistrictcontext.

Third,futurestudiescouldcomparethesocioeconomicanddemographicdrivers
ofmortalityconvergenceanddivergenceindifferentcontexts.Germanysharesthe
highincomecountrystatuswithotherpolities,suchastheUnitedStates,buthasa
distinctvisionofthewelfarestate—aparticularmanifestationoftheEuropeansocial
model(Alber2006).Theculturalandpoliticaldifferencesassociatedwiththevariety
ofwelfareregimesandregionaldevelopmentmodelsacrosshighincomecountries
mayengenderuniquemechanismsofmortalityconvergenceanddivergence,mask
ing some contextual drivers while exaggerating others. Therefore, crossnational
comparativeresearchonthemechanismsofregionalmortalityconvergenceisneces
sarytoevaluatethegeneralizabilityofourconclusions.

Implications for Policy

Ourstudysuggestsapathtoachievingregionalmortalityconvergenceusingsocio
economicpolicy.First,ourresultsindicatingthatlifeexpectancywasimprovingin
almostalleasternGermandistrictsin1997–2016demonstratethatitispossibleto
engineera “levelingup”ofpopulationhealthonanational scalewithout increas
ingdisparitiesbetweentargetedregions.Thisobservationisparticularlyrelevantin
lightofcurrenteffortstoimprovelivingconditionsandhealthofhistoricallydisad
vantagedregions inotherhighincomecountries,particularly theUnitedKingdom
(Bambra2022;TomaneyandPike2020),andincountriesthatshareintheEuropean
socialmodelof thewelfare state.However, theconcentrationof the increasinge0 
disadvantagetrajectorygroupinnorthwesternGermanywarnsagainsttheadoption
ofanarrowregionalfocusthatdoesnotsufficientlysupportindividualsnegatively
affectedbyeconomictransitions,regardlessoftheirplaceofresidence.Aswedis
cussedearlier, theGermangovernment’spolicyapproach to the redevelopmentof
easternGermanywasmultifacetedandusedinfrastructureinvestmentsandexpanded
pension transfers, respectively, to supporteasternGermanyasaplace and east ern 
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Ger man indi vid u als.Bycontrast,thegovernmentdidnotapplyasimilarlycompre
hensivestrategytosupporteconomicallydisadvantageddistrictsinwesternGermany,
whichperhapscontributedtothenorth–southmortalitydivergenceweobserved.We
thereforeagreewithotherauthorsincallingforamoreplacesensitive,distributed
developmentpolicyinGermanyandelsewhere(Iammarinoetal.2019),combined
withadequatesocialwelfaresupporttopreventeconomicshocksfromtriggeringa
delayeddeteriorationofindividualhealth(BíróandBranyiczki2020).Nevertheless,
weurgedecisionmakerstoremainmindfulofthelimitedgeneralizabilityofthese
recommendationsinlightofdifferentwelfareregimes,regionaldevelopmentmodels,
andtheextentofregionalmortalitydifferences.

Conclusion

Ourresultscorroboratepreviousevidenceindicatingthatmortalityhasbeenconverging
acrossdifferentregionsofGermany.Bystudyingmortalityconvergenceoveralong
periodatthedistrictlevel,wedemonstratedthatthisconvergenceresultedfromabove
averageimprovementsinmortalitythroughouteasternGermany.Inaddition,wefound
thatthepastprocessofmortalityconvergencebetweeneasternandwesternGermany
hasbeengivingwaytoamortalitydivergencebetweenthenorthandthesouthofthe
country.Thisdivergenceappearstobepartlydrivenbyeconomicallydistresseddistricts
innorthwesternGermany,likelyduetoafailuretoprovidethesedistrictswithtargeted
socialwelfaresupportduringtheeconomicshocksbroughtonbydeindustrialization.

MoredistrictlevelmortalityresearchinGermanyisneededtofullyunravelthe
roleofthesocioeconomiccontextinmortalityconvergenceanddivergence.Future
studieswould benefit from better district data on health care utilization, employ
ment,income,healthrelatedbehaviors(e.g.,smoking),andcausespecificmortality.
Moreover,futureresearchshouldfocusonindividualvanguardandlaggarddistricts.

Ourstudyshowsthatitispossibletoengineera“levelingup”ofhealthwithout
increas ing disparities between targeted regions with the implementation of pol i cies 
thatinvestinbothplacesandthepeoplewholiveinthem.■
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