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Summary 

Objectives: After unification in 1990 the two parts of Germany 

underwent a complex process that has led to convergence of 

infant mortality. The pattern of change did, however, differ in 

east and west. This study investigates whether these differen- 

ces conceal a complex pattern of heterogeneity at the regional 

level. 

Methods: Examination of routine data on infant, neonatal and 

postneonatal mortality. Time trends in the 16 federal states 

of Germany (L&nder) from 1991 to 1997 were studied using a 

log-linear model 

Results: In 1991, infant mortality was higher in almost all ea- 

stern L~nder than in the west. By 1997, this east-west gap had 

disappeared. Over this period, infant mortality felt in all L~n- 

der but one. The decline was steepest in the east, ranging from 

31% to 52 %. Improvements were targely due to steep decli- 

nes in both neonatal and postneonatal mortality. 

Conclusions: This study shows that, at the time of unification, 

there was an almost complete demarcation between east and 

west, a pattern that disappeared by 1997. There is, however, 

still a substantial regional variation in infant mortality that is 

largely determined by postneonatal mortality. 
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Since the fall of the Berlin Wall in 1989 the former commu- 

nist countries of central and eastern Europe underwent sub- 

stantial social and economic changes that also had a major 

impact on health 1,2,3. While many countries experienced a 

health crisis that mainly affected male adults, infant morta- 

lity rates remained fairly stable across the region or actual- 

ly fell in some countries 4. Aggregate measures such as infant 

mortality, however, provide only limited information about 

the impact of transition on mortality in early life. They may 

conceal different trends in neonatal and postneonatal mor- 

tality as postneonatal mortality is strongly related to socio- 

economic factors 5 while neonatal mortality may more close- 

ly reflect the quality of medical care 6. 

In an earlier paper we showed how, since unification in 

1990, infant mortality rates in the two parts of Germany 

converged 7. This was due to improvements in neonatal and 

postneonatal mortality in both east and west, although the 

pattern of change differed between the two regions. These 

changes were associated with differences in the distribution 

of birth weight, which, in contrast to the improvements in 

mortality, actually showed a slight worsening in both east 

and west. 

The analysis so far has been at the level of the two parts of 

Germany. However, it is important to recognise that Ger- 

many is a federal state, with 16 very diverse regions (Liin- 
der). Thus, the question arises as to whether these differ- 

ences reflect a simple east-west demarcation or rather con- 

ceal a more complex pattern of regional heterogeneity. This 

paper examines how neonatal and postneonatal mortality 

have changed in the five federal states that were created 

from the territory of the former German Democratic Repub- 

lic (GDR) - Mecklenburg-West Pomerania, Brandenburg, 
Saxony-Anhalt, Saxony, Thuringia (Fig. 1) - and in the 10 

L~inder of the old Federal Republic (FRG), plus the Land 

Berlin, formed by unifying East Berlin and West Berlin. 
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in each federal state were analysed for the period 1991 to 

1997. 

To describe trends, log-linear models were fitted to the cal- 

culated rates as trends in infant mortality tend to follow a 

constant proportional change rather than constant absolute 

change 9,1~ Regression estimates (/3), as a measure of the an- 

nual per cent change in infant and neo-/postneonatal mor- 

tality, respectively, and test statistics were obtained by using 

weighted least square algorithms. Statistical significance of 

assessed trends was tested by an analysis of variance proce- 

dure (ANOVA); 95 % confidence intervals were estimated 

according to standard methods~k 

Analyses were carried out using the SPSS statistical package 

and the Microsoft Excel spreadsheet ~2,13. Throughout this 

paper, the phrase 'new Liinder' or 'east' refers to the terri- 

tory of the former GDR before unification, including East 

Berlin, and 'old Liinder' or 'west' to the territory of the old 

Federal Republic including West Berlin. 

Figure 1 The federal states o f  Germany in the 1990s 

Methods 
Data on infant, neonatal and postneonatal mortality for all 

16 German federal states were obtained from the Federal 

Statistical Office Germany for the period 1990 to 1997. For- 

mal evaluation of data quality from the Statistical Office 

has not been available but as registration of each birth and 

death is required by law, the numbers provided are to be 

seen as, virtually, complete. 

Neonatal and postneonatal mortality were analysed separa- 

tely, with neonatal mortality relating to deaths occurring 

within the first 28 days of life, and postneonatal mortality to 

subsequent deaths within the first year of life. Rates were 

calculated as the number of neonatal or postneonatal deaths 

in a given year per 1000 live births. In 1990, the western de- 

finition of a live birth was introduced in the former GDR, 
which requires presence of a heart beat or breathing or a 

pulsating umbilical cord, compared with the former eastern 

definition of presence of a heart beat and breathing s. This in- 

troduced some discontinuities in data from 1990, with, for 

example, the proportion of reported neonatal deaths in the 

extremely low birth weight group, at less than 1000 g, being 
unusually low in all eastern L~inder, at 10-20% in 1990, 

compared with 30-35% in the west. Because of these prob- 

lems, trends in infant, neonatal and postneonatal mortality 
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Results 

Infant mortality 

Infant mortality showed a considerable regional variation 

from 6.0 per 1000 live births in Bremen to 9.1 in Saxony- 

Anhalt in 1991 and from 4.2 in Baden-Wtirttemberg to 6.2 

in Bremen in 1997 (Tab. 1). 

Figure 2 shows infant mortality rates, given in quartiles, by 

region in 1991 and 1997, with the rates for east and west 

Berlin combined. For 1991, it shows a clear east-west demar- 

cation. By 1997, this east-west pattern has given way to a 

complex pattern with the highest rates in Bremen, Hamburg 

and North-Rhine Westphalia in the North of the old Federal 

Republic and Mecklenburg-West Pomerania in the North of 

the former GDR. 

When ranking the L~inder according to the slope of the 

change in each measure of mortality in the period 1991 to 

1997, it emerges that the decline has been steeper in all east 

German L~inder as compared to their western counterparts 

(Tab. 2). Within the regions "east" and "west", however, 

there was a considerable variation in the size of the slope, 
with that observed for the eastern Land Saxony being much 

closer to those in some western L~inder. Overall, the decline 

was statistically significant in all L/inder except Hamburg, 

Saarland and Bremen, which actually experienced a small 

increase in infant mortality. However, the results have to be 

interpreted with caution as the number of deaths in these 

L~inder were relatively small. 
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Table 1 Infant, neonatal and postneonatal mortality in Germany by region: 1991 and 1997 

Figure  2 I n f an t  m o r t a l i t y  in G e r m a n y  by reg ion ,  1991 and  1997 
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Figure 3a Slope (#) of changes (incl. 95 % confidence levels) in neonatal 
mortality in Germany by region between 1991 and 1997 

Table 2 Changes in infant mortality in Germany by region: 1991-1997 

Neonatal mortality 
Although neonatal mortality in the five new Lander and east 

Berlin was generally higher than in the west, the western 

L~inder North-Rhine Westphalia and Hamburg actually did 

worse than two eastern L/inder, Brandenburg and Saxony 

(Tab. 1). This partly reflects the considerable variation in 

neonatal mortality in the former GDR. Between 1991 and 

1997, neonatal mortality declined rapidly in the east, by up 

to 73 %, but also in some western L~inder, by up to 43 %. 

Neonatal mortality did, however, show a small and statisti- 

cally non-significant increase in three western L~inder. Rank- 

ing the Lander according to the slope of the change reveals 

that the decline in neonatal mortality has been steeper in 

most eastern Lander (Fig. 3a). The slope of the overall 

decline in neonatal mortality in the east was twice that ob- 

served in the west and the difference was highly significant: 

/~east:-0.054 [95 % CI: -0.063, -0.044] versus flw~t: -0.025 
[95 % CI: -0.030, -0.020]. Thus, while the eastern Lander 

consistently experienced substantial improvements in neo- 

natal mortality, so did some, but not all western Lander. 

Postneonatal mortality 
Postneonatal mortality fell in all L~inder between 1991 and 
1997. The percentage change ranged from 63 % in Saxony to 

about 13% in east Berlin, with a decline by one-third or 
more in 14 out of 16 Lander (Tab. 1). Ranked according to the 

slope of decline, these figures form a fairly distinct east-west 
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Figure 3b Slope (8) of changes (incl. 95% confidence levels) in post- 
neonatal mortality in Germany by region between 1991 and 1997 

demarcation, with all eastern Lander showing a steep and 

statistically significant decline in postneonatal mortality that 

was larger than in all western Lander:/3east:--0.116 [95% CI: 

-0.122, -0.109] versus/3w~st:-0.087 [95 % CI: -0.098, -0.076] 

(Fig. 3 b). The one exception is the northern-most Schleswig- 

Holstein, which displayed the steepest decline, at -0.143 

(p<0.001). Overall, the slopes in both, the new and the old 

L~inder were steeper than those observed for neonatal mor- 

tality. 

Postneonatal mortality has frequently been shown to be re- 

lated to socio-economic factors. We therefore examined its 

association with overall unemployment rates as an indicator 

for social variation at the Lander level. Correlating postneo- 

natal mortality rates with unemployment rates (in % of 
labour force) for the year 199714 gives a significant positive 

association of 0.847 (p < 0.001) for the west and a positive, 
but statically not significant association of 0.799 (p = 0.105) 

for the east (Fig. 4). 
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Figure 4 Scatter diagram showing the postneonatal mortality rate and unemployment rate for 1996197 in Germany by region; east and west 
analysed separately 

Discussion 
This study provides further insights into the health sequelae 

of German unification. It confirms earlier findings of sub- 

stantial improvements in parameters of infant health in Ger- 

many in the 1990s at the regional level, at least when looking 

at aggregate measures such as infant mortality. However, it 

also shows that a simple east-west comparison of some pa- 

rameters over time is likely to conceal a more complex re- 

gional pattern. 

Between 1991 and 1997, infant mortality fell in all L~inder 

except Bremen, with the decline being steepest in the ea- 

stern L/inder and in east Berlin. This decline was largely 

attributable to a steep and significant decline in postneo- 

natal mortality rather than neonatal mortality in both east 

and west. These results may appear somewhat surprising in 

view of our earlier study reporting that neonatal mortality 

declined more steeply in the east 7. However, the analysis 

presented here concentrates on the 1991-1997 period only 

and thus omits the temporary increase in postneonatal 

mortality in the eastern L/~nder between 1990 and 1991 

described earlier 7. 

There has been a considerable change from the initial east- 

west demarcation in infant mortality. By the end of the 

1990s, a new pattern had emerged, with generally higher in- 

fant mortality in the north of Germany, in both east and 

west. The disappearance of the east-west divide was largely 

due to a rapid improvement in the east, resulting in infant 

mortality rates that were quite similar to those in the north- 
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western part. The improvements in the west, however, did 

not result in a disappearance of regional variation. 

The reasons for the rapid improvement of indicators of 

infant health in the east have been discussed in detail 7. We 

have previously shown that improvements in neonatal mor- 

tality in east Germany were largely attributable to improved 

survival at each birth weight, in particular among low and 

very low birth weight infants, accounting for an estimated 

83 % of the overall improvement between 1991 and 1996. 

Survival in this group is most amenable to medical interven- 

tion. This study confirms these findings indirectly at the 

regional level. Until 1994, the observed neonatal mortality 

in the east was significantly higher than would have been ex- 

pected if birth weight specific neonatal mortality seen in the 

old L~inder in those years had applied (data not shown). 

Assuming that changes in birth weight specific survival 

largely reflect the impact of neonatal care, this suggests that, 

had the medical care available in the west been available in 

these L~inder between 1991 and 1994, neonatal mortality 

would have been substantially lower. From 1995, however, 

differences between observed and expected neonatal mor- 

tality were no longer significant, indicating a process of 

convergence between east and west in neonatal survival. 
The improvements over time are likely to be explained by 

improvements in the quality of perinatal care as has been 

observed for the western part of Germany 15,16 and else- 
where 6,~7,18. Improvements included the implementation of 

the "Perinatal Quality Assurance Program" (Perinatalerhe- 
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bung) in all eastern L~nder 19 from 1992. This program was 

originally introduced in Bavaria, west Germany, in 1975 and 

subsequently extended to the remaining western Lfinder. 

The program is believed to have contributed to the decline 

in perinatal and early neonatal mortality in the west in the 

1980s by enhancing the quality of perinatal care. Data for 

the eastern Land Brandenburg showed an increase in the 

proportion of high risk pregnancies that were referred to 

hospital prior to delivery from 53% in 1992 to 61% in 

199720 . There was also an increase in the proportion of 

pregnant women receiving routine cardiotocography (ante 

partum) recording, from 74% in 1992 to 92% in 1997, a 

marker of more intensive perinatal carOL 

The steep decline in postneonatal mortality has probably to 

be explained differently for the eastern and the western L~in- 

def. In the east, the rapid improvement in postneonatal mor- 

tality is likely to reflect a recovery from the temporary mor- 

tality increase immediately after unification. This increase 

has been attributed, in part, to the reorganisation of the 

system of infant care in the new L~inder, although the im- 

mediate consequences of transition in terms of economic 

downturn and insecurity may have affected rates as well 7. In 

the west, on the other hand, improvements are likely to be 

partly due to a substantial decline in mortality from sudden 

infant death syndrome, following regional campaigns in 
advice on sleeping position in 199121,22 . 

Regional variation in infant mortality in Germany is not a 

new phenomenon. Available evidence indicates that, in the 

west, there was a north-south gradient in the 1970s and es- 
pecially in the 1980s 23,24,25. A similar result has been shown 

for life expectancy as well 26. Relatively higher levels of infant 

mortality were also reported for the north-central part of the 

former GDR in the 1980s compared with the low-mortality 

regions in the south 24 that also had highest life expectancy 27. 

The explanations for the regional differences in infant mor- 

tality put forward so far have been very general and more 

research is needed. The variation in the west has been attrib- 

uted, largely, to differences in socioeconomic conditions such 

as income, labour market and education. In the east, higher 

levels of industrialisation and urbanisation in the south 

were suggested to have been related to a qualitatively higher 

level of socio-economic well-being compared to the more 

rural areas in the north, resulting in the observed regional 

differences in key health indicators 2s. 

From this analysis it emerges that the considerable regional 

diversity in infant mortality is largely determined by post- 

neonatal mortality rather than neonatal mortality. As post- 

neonatal mortality has been shown to be related to socio- 

economic factors, the results point to the importance of 

socio-economic conditions in shaping the health status of the 

German population at the regional level. In fact, correlating 

postneonatal mortality rates with overall unemployment 

rates for the west in 1997 gives a significant positive associa- 

tion (Fig. 4). A similar trend was observed for the east, al- 

though, however, the number of points is too small to permit 

a meaningful analysis. 

Conclusion 

These findings have important implications for policy. Al- 

though all Lgnder experienced substantial improvements in 

neonatal and postneonatal mortality in the 1990s, consider- 

able regional variation remains within the country, sug- 

gesting that there is still scope for further improvements in 

some L~inder. With regard to neonatal mortality, further 

action is needed most in the eastern L~inder as well as the 

western L/~nder Hamburg, Bremen, and Saarland. Although 

this is the first attempt to study systematically regional va- 

riation in infant mortality in Germany, the level of analysis 

may still conceal sub-regional differences, as there is cer- 

tainly a potential for further improvement even within the 

individual L/~nder. 
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Zusarnmenfassung 

Regionale Variation der S~uglingssterblichkeit in Deutschland 
Fragestellung: Seit tier Vereh~igung im Jahr 1990 haben die 

beide~ q[i~ile Deutschlands einen komplexen Prozess in Bezug 

auf S~gfingssterb~ici~keit durchta~fen, wobei das Muster 

dieses Wandels in Ost und West verschieden war. Die vor- 

Hegende Studie unte~ucht, inwieweit diese Unterschiede 

Heterogenit#Jt auf regiona[er Ebene maskieren. 

Methoden: Analyse yon Routinedaten zur Saiucjli,~gs-, neona- 

taken ur~ postneo~ata~en Sterbffchkeit in den 16 Bundest~n- 

dern im Zeitraum 1991 his 1997. AIs Analyse]nstrurnent kon~mt 

ein Io94ineares RecJressionsrnod~ll zur Anwendun#. 

Ergebnisse: ~rn Jahr t991 war die S~iuglingssterblichkeit in fast 

alien neuen 8undest~adern h#her a~s in den alton Lgndern. 

Dieser Ost-West-Gradient hat sich jedoch zum ~ahr 1997 auf- 

ge~Sst, wobei die S~ug~ingssterblichkeft rnit einer Ausnahrne 

i~ alien L~nder~ /Jber de~ genannten Zeitraurn zudJckgegan- 

ge~ ist. Mi't einer Verminderung urn 31% his 52 % war dieser 

Prozess in den in den neuen l.~Jndern am deutlichsten ausge- 

pr~gt. R~Jckcj~nge der S~ugtingssterb~ichkeit waren bedingt 

dutch Verbesserun~en der r~eonatalen wie auch der postneo- 

~atalen Sterblichkeit. 

Schlussfolgerungen: Zum Zeitpunkt der Vereiniguncj bestand 

ei~ de~tlichet Ost-West-Gradient in der $~uglingssterb[ichkeit, 

~997 iedoch nicht mehr. in Deutschland besteht nach wie vor 

eine deut~iche recji,enale Variation i~ der 5~uglingssterb~ich- 

keit,, die vor al[ern durch Unterschiede in der postneo~atalen 

Sterblichkeit bedingt ist, 

Resurn~ 

Variations temporelles et rdgionales du taux de mortalite 
infantile apres I'unification allemande 
Objectifs: Apres leur reunification en 1990, Jes deux parties 

de I'Allernagne oat subit un processus complexe qui a fait con- 

verge leers taux de rnortaNJt~ infantile, Los types de change- 

rnents ont toutefois varie entre VEst et l'Ouest. Cette ~.tude 

investicjue sice ph~nornene dissirnu[e un mod~ie complexe 

de differences r~gionales. 

Mdthodes: Examination de statistiques de routine de rnortalit# 

infantile, n~onata[e, postn~onatale. Los variations observ~es 

entre 1991-1997 dans los 15 6tats f~d#.raux d'A~lemag,~e (L~n- 

der) ont ~.te etudi#es par regression lin~.aire. 

R~sultats: En 1991, la rnortaiit~ infantile ~tait plus ~ev~e dans 

presque tous ]es L~nder de VEst que dans ceux de ~'Ouest. En 

1997, cot ~cart avait disparu. Pendant cette periode, la rnorta= 

lit6 infantile avait chut~ dans 15 L~nder. Le d6ciin etait plus 

rnarqu~ dans t'Est (31-51%). Los ameliorations s'expl[quent 

principalernent par une diminution marquee de ~a rnortalit~ 

n~onatale et postn~onatale. 

Conclusions: Au moment de Vunification, i~ existait une 

d~rnarquation Est-Ouest importante, rnais cePle~ a disparu 

avant 1997. Toutefois, des variations r~.gionales iPaportantes 

dans la mortalite infantile derneurent et s'exp~iquent par des 

differences au niveau de ~a mortalite postn~onatale 
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