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ABSTRACT
Background and objective We assessed the effect
of regional deprivation on individual mortality by making
use of a natural experiment: we followed up ethnic
German resettlers from Former Soviet Union countries
who were quasi-randomly distributed across the
socioeconomically heterogeneous counties of Germany’s
federal state North Rhine-Westphalia (NRW).
Methods We used data from the retrospective cohort
study ‘AMOR’ on the mortality of resettlers in NRW
(n=34 393). Based on the postcode of the last known
residence we linked study participants to the 54 counties
of NRW, which were aggregated in six deprivation
clusters. Mortality rates and standardised mortality ratios
(SMRs) were calculated for each cluster. After a mean
follow-up of 10 years, 2580 resettlers were deceased.
Results For male and female cohort members, mortality
rates and SMRs were highest in the cluster ‘poverty
poles’ (SMR men: 1.21, 95% CI 1.04 to 1.41; SMR
women: 1.17, 95% CI 0.99 to 1.37), whereas they were
lowest in the cluster ‘prospering regions and suburban
counties’ (SMR women: 0.86, 95% CI 0.70 to 1.05) as
well as in the cluster ‘heterogeneous counties’ (SMR
men: 0.73, 95% CI 0.61 to 0.88).
Conclusions The population which was quasi-randomly
distributed to counties of differing socioeconomic status
experienced different levels of mortality. It was highest in
regions with the highest level of regional deprivation.
Previous studies describing this positive relationship
between mortality and regional deprivation could not
differentiate between compositional and contextual
effects. Thus, our findings indicate that in terms of
mortality, regional deprivation does matter.

INTRODUCTION
There is increasing interest in regional determinants
of health such as the regional infrastructure, popu-
lation density or regional job opportunities; factors
that may have an effect on a person’s health in add-
ition to factors operating at the individual level (eg,
Diez Roux1 and Razum et al2). Strohmeier et al,3

Klapper et al4 and Danke et al5 showed a signifi-
cantly higher mortality rate in socially deprived
regions of North Rhine-Westphalia (NRW)—the
most heavily populated federal state of Germany.
Strohmeier et al3 investigated regional differences in
morbidity and mortality by classifying the 54 coun-
ties of NRW (German: Kreise und kreisfreie Städte)
into six different clusters with similar demographic
and socioeconomic characteristics based on social
structure indicators of each county. However, in
this ecological study it does not become clear to

what extent the association identified is an effect of
contextual factors or merely due to the compos-
ition of the population in a particular region:
people of higher socioeconomic status (and thus
better health) may simply have left disadvantaged
areas.6 This ‘context versus composition’ question
is currently debated among scientists in this field.
Several authors have tried to adjust for individ-

ual characteristics by employing multilevel studies
to explore the impact of contextual factors on
health outcomes. They demonstrated regional
effects on individual health outcomes like mortal-
ity (eg, Blomgren et al7 and Elstad8), self-rated
health (eg, Franzini and Giannoni9) and physical
health (eg, Breckenkamp et al10 and Voigtländer
et al11). However, even these multilevel approaches
can only account for a certain number of specified
individual characteristics (eg, gender, age, social
background). They can never adjust for all relevant
individual characteristics (particularly not for
unmeasured variables). In addition, they also do
not allow us to conclude whether regional factors
cause health differences or whether these health
differences are due to a self-selection of individuals
with similar risk profiles into specific regions.6

To rule out self-selection as a possible explan-
ation of regional differences in health we would
have to conduct an experiment in which indivi-
duals are assigned randomly to regions of residence
and followed-up over time. If an individual’s place
of residence is selected independently of his or her
demographic and socioeconomic characteristics,
populations in all study regions would comprise
individuals with initially similar average risk pro-
files who differ only regarding the exposure to con-
textual factors. In Germany a kind of natural
experiment has taken place that models a random
distribution of individuals to regions: so-called
resettlers emigrated from Former Soviet Union
countries to NRW between 1990 and 2001. Each
year more than 90% of the resettlers came from
Kazakhstan and the Russian Federation, less than
10% from Kyrgyzstan, Ukraine and Uzbekistan.12

Due to the large migration flow, Germany passed
the Residence Assignment Law in 1989 (German:
Wohnortzuweisungsgesetz) which assigned reset-
tlers to a place of residence with a commitment
period of 3 years. The distribution was exclusively
based on the number of inhabitants and the
number of migrants already allocated and it
was regulated by the Resettlers Assignment
Act (German: Aussiedler-Zuweisungsverordnung).
Resettlers who did not adhere to the assignment
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decision or moved on during the commitment period lost their
entitlement for social benefit payments and for housing.13

Counties to which the resettlers have not been assigned were
not obliged to accept them as new residents. Exceptions were
only made to reunite couples or parents with their children.
This kind of close family reunion was the only numerically
relevant reason for a self-chosen place of residence.14–16

As a result, the resettlers’ initial individual health status,
socioeconomic background and exposures acquired in the
country of origin did not influence their place of residence.
Statistically speaking, these properties have been
quasi-randomly distributed over the different regions of NRW,
thus constituting the closest possible approximation to the
natural experiment required to disentangle the effects of com-
position and context. It thus allowed us to investigate the
effect of regional deprivation on individual mortality, disentan-
gling it from compositional effects. If a contextual effect on
health existed, we would expect the mortality of resettlers to
vary across regions.

METHODS
We based our analyses on data of the AMOR study (German:
Aussiedler-MORtalitätsstudie), a retrospective cohort study on
the mortality of resettlers.17 18 The cohort comprises resettlers
who moved from Former Soviet Union countries to NRW. The
authority responsible for the admission of resettlers in NRW
(German: Landesaufnahmestelle) provided a dataset including
all resettlers who moved to NRW between 1990 and 2001. For a
sample of resettlers aged 15 years and older (n=34 393), vital
status was ascertained through registration offices of the munici-
palities to which the resettlers had been assigned. For all cohort
members, person-years were calculated as the time between date
of arrival and end of follow-up (31 December 2005), date of
death or date of last contact. In addition, information on sex,
date of birth, date of immigration, and, where applicable, cause
of death, were available.

To investigate the effect of regional deprivation on mortality
among resettlers in NRW, we used the six clusters defined by
Strohmeier et al.3 These clusters have been determined by
employing a main component analysis on the social, demo-
graphic and economic indicators of all 54 counties in 2002,
resulting in the extraction of two factors: a factor describing
the concentration of poorer, elderly, unemployed, and foreign
people in regions with high population density but declining
population; and an economic prosperity factor based on the dis-
posable income. In a second step, the two factors were used to
cluster the 54 counties of NRW into six categories.3 The socio-
economic status of counties tends to be stable over time
periods of several years,19 which justifies the use of deprivation
clusters based on information of one time point. Table 1 shows
how the six clusters are characterised.

Based on the postal code of the last known residence, we
determined to which of the six regional clusters each cohort
member was assigned. As people might have moved and there-
fore might have changed clusters during the observation period,
we performed an additional analysis of the cohort members’
regional mobility to validate the use of the last known resi-
dence. We also analysed the mortality of resettlers, excluding
persons who changed clusters, as well as of resettlers who were
not assigned to a cluster at the end of the follow-up.

Age was categorised in three groups (15–39, 40–64, 65+).
Sex- and age-specific mortality rates of the cohort members
(deaths per 1000 person-years) were calculated for each cluster.
Sex-specific standardised mortality ratios (SMRs) were also

calculated for each cluster, with male and female cohort
members of all clusters combined as standard populations.

Due to the small number of deaths per year in some strata
(age*sex*cluster), mortality rates and SMRs were averaged over
the full study period of 16 years (1990–2005). The same applies
to the mortality rates of the standard populations. CIs (95%)
were calculated for mortality rates and SMRs based on the
logarithms of the rate as described in Breslow and Day.20

To overcome limitations of the SMR analysis and to account
for age measured as a continuous variable in years as well as for
sex, we also fitted a Cox proportional hazards regression model
to the AMOR data (eg, Therneau and Grambsch21 and
Grambsch and Therneau22). To correct for violation of the pro-
portional hazards assumption, we included a non-parametric,
non-linear fit for age based on p-splines.23 The Cox model

Table 1 Clusters in North Rhine-Westphalia (NRW) based on
Strohmeier et al3

Cluster Characteristics Cities and counties

1: Tertiary sector
cities with few
families

Wealthy cities with a high
level of income, average
unemployment rate, and a
lower-than-average child
population

Düsseldorf, Essen, Mülheim an
der Ruhr, Remscheid,
Solingen, Wuppertal, Bonn

Part of the NRW population
residing in this cluster in
2002: 12.7%

2: Poverty poles
(Ruhr area)

Deprived cities with a
lower-than-average level of
income, very high
unemployment rate, and very
high population density

Duisburg, Oberhausen,
Gelsenkirchen, Dortmund,
Herne

Part of the NRW population
residing in this cluster in
2002: 9.8%

3: Heterogeneous
cities

Socially heterogeneous cities
with an average level of
income, moderate population
decrease, and high
unemployment rate (still
below cluster 2 level)

Leverkusen, Krefeld,
Mönchengladbach, Stadt
Aachen, Köln, Bielefeld,
Bochum, Hagen

Part of the NRW population
residing in this cluster in
2002: 15.5%

4: Family zone Rural districts with average
level of income, high child
population, population
growth, and
lower-than-average
unemployment rate

Kleve, Viersen, Wesel, Düren,
Rhein-Erft-Kreis, Euskirchen,
Heinsberg, Oberbergischer
Kreis, Rhein-Sieg-Kreis,
Borken, Coesfeld, Steinfurt,
Warendorf, Höxter, Lippe,
Minden-Lübbecke, Paderborn,
Soest

Part of the NRW population
residing in this cluster in
2002: 32.6%

5: Prospering
regions and
suburban counties

Rural and suburban districts
with a higher level of income
than in cluster 4, low
unemployment rate, and a
lower child population than
in cluster 4

Mettmann, Rhein-Kreis Neuss,
Rheinisch-Bergischer Kreis,
Gütersloh, Herford,
Ennepe-Ruhr-Kreis,
Hochsauerlandkreis, Olpe,
Siegen-Wittgenstein, Münster

Part of the NRW population
residing in this cluster in
2002: 20.1%

6: Heterogeneous
counties

Less well off regions with a
low level of income, no other
common characteristics

Kreis Aachen, Recklinghausen,
Unna, Bottrop, Hamm

Heterogeneous structure as
a result of a local
government reorganisation in
the 1970s leading to the
unification of rural and urban
districts
Part of the NRW population
residing in this cluster in
2002: 9.4%
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renders mortality differences between the deprivation clusters
in the form of relative risks (RR). We chose cluster 2 (poverty
poles) as the reference category and used the Wald test to evalu-
ate the significance of mortality differences. Test decisions are
based on a significance value of p<0.05. All analyses were per-
formed using SPSS V.17.0 and R V.2.13.

RESULTS
The AMOR cohort comprises 34 393 resettlers aged 15 years
and above who migrated to NRW between 1990 and 2001. The
mean age at cohort entry was 40 years. The majority arrived in
NRW between 1990 and 1993, with a peak in 1993 (n=4190).
At the end of the follow-up (31 December 2005), 7.5%
(n=2580) of the cohort members were deceased, 89.2% were
still alive and 3.3% (n=1138) were lost to follow-up. The mean
observation time per cohort member was 10.1 years. The
assignment to one of the six clusters could be determined for
32 661 of the 34 393 cohort members (95%), resulting in a total
of 329 678.6 person-years. For the remaining 5% of initial
cohort members, the last known residence was outside NRW.
Cluster 4 (family zone) had the highest share of person-years,
whereas cluster 1 (tertiary sector cities with few families) had
the lowest. In almost all clusters the majority of the cohort
members had arrived in NRW between 1990 and 1993. Further
characteristics of the study population are shown in table 2.

Mortality rates
In almost all clusters men experienced higher mortality rates
than women, independent of age. Exceptions were observed
among those aged 15–39 years in cluster 1 (tertiary sector cities
with few families) and those aged 65 years and older in cluster
6 (heterogeneous counties). The relative differences in mortality
rates between men and women were highest in the age group
40–64 years and lowest in the age group 65 years and older.

For male cohort members, mortality rates were highest in
cluster 2 (poverty poles) in the younger and in the middle age
group and in cluster 5 (prospering regions and suburban coun-
ties) in the older age group. The lowest mortality rate was
observed in cluster 1 (tertiary sector cities with few families)
for the younger age group. For the two higher age groups
lowest mortality rates were observed in cluster 6 (heteroge-
neous counties) (see figure 1).

The results for female cohort members were more heteroge-
neous. In the younger age group, the highest death rates were
observed in cluster 3 (heterogeneous cities). In the middle age
group mortality was highest in cluster 3 (heterogeneous cities)
and cluster 4 (family zone), and in the older age group in
cluster 2 (poverty poles). The lowest mortality rates in female
cohort members were observed in cluster 5 (prospering regions
and suburban counties) in the younger age group, and in both
cluster 5 (prospering regions and suburban counties) and
cluster 1 (tertiary sector cities with few families) in the middle
age group. In the older age category—as with male cohort
members—death rate was lowest in cluster 6 (heterogeneous
counties) (see figure 1).

Standardised mortality ratios
The observed number of deaths among male cohort members
was higher in cluster 3 (heterogeneous cities) and significantly
higher in cluster 2 (poverty poles) than the expected value.
Moreover, among male cohort members, SMRs were below 1 in
cluster 5 (prospering regions and suburban counties) and signifi-
cantly below 1 in cluster 6 (heterogeneous counties). Thus, the
highest SMR among male resettlers was observed in cluster 2

(poverty poles), and the lowest in cluster 6 (heterogeneous coun-
ties) (1.21, 95% CI 1.04 to 1.41 vs 0.73, 95% CI 0.61 to 0.88)
(see figure 2).

Among female cohort members no cluster showed significant
deviations in SMRs from the standard population.
Nevertheless, the observed number of deaths was lower than
the expected number of deaths in both cluster 5 (prospering
regions and suburban counties) and cluster 6 (heterogeneous
counties). As with male cohort members, the highest SMR was
observed in cluster 2 (poverty poles) (1.17, 95% CI 0.99 to
1.37). The lowest SMR among female cohort members was
observed in cluster 5 (prospering regions and suburban coun-
ties) (0.86, 95% CI 0.70 to 1.05) (see figure 2).

Cohort members who moved outside NRW (n=1732) experi-
enced a lower mortality compared to those still living in the
federal state (SMR men: 0.62, 95% CI 0.47 to 0.84; SMR
women: 0.90, 95% CI 0.71 to 1.14).

The analysis on the moving behaviour showed that in the
study period 1990–2005, approximately 9% (n=3180) of the

Table 2 Characteristics of the AMOR population in North
Rhine-Westphalia (NRW) at cohort entry and end of follow-up (31
December 2005)

n %

Characteristics of the cohort members at cohort entry (date of immigration)
Sex

Male 16733 48.7
Female 17660 51.3
Total 34393 100.0

Age in years
15–39 19863 57.8
40–64 10954 31.8
65+ 3576 10.4
Total 34393 100.0

Immigration period
1990–1993 14727 42.8
1994–1997 11442 33.3
1998–2001 8224 23.9
Total 34393 100.0

Characteristics of the cohort members at the end of follow-up (31 December 2005)
Vital status

Alive 30675 89.2
Deceased 2580 7.5
Lost to follow-up 1138 3.3
Total 34393 100.0

Person-years (%)
Sex

Male 168790.3 48.4
Female 179592.5 51.6
Total 348382.8 100.0

Age in years
15–39 95255.4 27.4
40–64 175325.5 50.3
65+ 77801.9 22.3
Total 348382.8 100.0

Cluster
Cluster 1: tertiary sector cities with few families 10270.8 3.0
Cluster 2: poverty poles (Ruhr area) 36296.1 10.4
Cluster 3: heterogeneous cities 68066.1 19.5
Cluster 4: family zone 145189.3 41.7
Cluster 5: prospering regions and suburban counties 31500.2 9.0
Cluster 6: heterogeneous counties 38356.1 11.0
Outside NRW 18704.2 5.4
Total 348382.8 100.0
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cohort members moved between clusters. No information can
be provided on their length of stay in the previous cluster(s).
A sensitivity analysis without those who moved between clus-
ters resulted in a slightly higher mortality (both mortality rates
and SMRs), indicating that mobile people are healthier.
However, the regional variation across clusters remained the
same.

The results of the Cox model confirm the findings of the
analyses of mortality rates and SMRs: mortality was highest in
cluster 2 (poverty poles) and lowest in cluster 5 (prospering
regions and suburban counties) and cluster 6 (heterogeneous
counties), where mortality was significantly reduced by 18%
and 23%, respectively (see table 3). Also in cluster 4 (family
zone), mortality was significantly lower than in cluster 2
(poverty poles), with a reduction in the relative risk by 13%.

DISCUSSION
In this study we examined contextual effects on mortality
using the natural experiment of a quasi-random allocation of
resettlers in NRW. We found a clear regional variation in

mortality of resettlers according to contextual factors describ-
ing the social, demographic and economic state of the respect-
ive region they were assigned to (such as population density,
unemployment rate or disposable income). Mortality was
highest in the poverty poles of the ‘Ruhr area’ (cluster 2), the
cluster with the highest level of regional deprivation. This con-
firms results from studies in the general population of NRW,
which also found the mortality to be highest in the ‘Ruhr
area’.3 4 24 25 Low mortality among resettlers was observed in a
cluster comprising heterogeneous counties which are composed
of rural and urban districts as a result of a restructuring policy
of the counties in the 1970s (cluster 6). Those counties are less
well off but do not have any other common characteristics.
Low mortality was also found in wealthier prospering regions
and suburban counties (cluster 5). In studies investigating mor-
tality of the general population of NRW, the cluster comprising
heterogeneous counties (cluster 6) belonged to the upper mid-
field in terms of mortality, whereas in the cluster of wealthier
prospering regions and suburban counties (cluster 5), mortality
was also among the lowest.3 26 However, these studies are

Figure 1 Sex- and age-specific
mortality rates of male and female
cohort members in North
Rhine-Westphalia, by cluster. Vertical
lines denote 95% CI. Note different
scales on y-axes. C1: tertiary sector
cities with few families, C2: poverty
poles (Ruhr area), C3: heterogeneous
cities, C4: family zone, C5: prospering
regions and suburban counties, C6:
heterogeneous counties.
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based on regional mortality data, which is subject to selection
effects: individuals with certain characteristics might be self-
selected into certain regions.

The database we have used provides the exceptional situation
of a natural experiment, namely a quasi-random allocation of
resettlers to a place of residence. Thus, the exposures, risks and
resources that they acquired during their respective life courses
in their countries of origin are distributed randomly throughout
NRW. Moreover, the Residence Assignment Law allowed reset-
tlers to move away from their assigned residence only after a
commitment period of 3 years. Those wanting to change their
place of residence within the commitment period had to apply
for a special permission which was always very time-
consuming and not always successful. Our analysis of the
moving behaviour confirms that resettlers move mainly within
cities or municipalities.27

Since resettlers are quasi-randomly allocated to the regional
deprivation clusters and tend to stay in those, no regional dif-
ferences in mortality would be expected unless contextual

factors have an effect on mortality rates. However, in our
quasi-experimental study we found a clear variation in the mor-
tality of resettlers by cluster type.

A potential critique may be that the analysis of regional
effects necessitates controlling for individual level confounders.
However, in this study the quasi-random allocation accounts
for this and therefore we may assume that immediately after
allocation, resettlers of different clusters did not differ in terms
of compositional variables, for example average individual
socioeconomic status. Differences in social mobility after alloca-
tion would be a result of differential exposure to regional
deprivation. It is possible that the observed regional effects
may be partly due to individual status differences but, if so,
they would have developed after the allocation and as such
they would be an intermediary step and not a confounder.1

Resettlers are not representative for the general population of
NRWor for Germany as a whole. Besides having different sociode-
mographic characteristics, they could also be more or less vulner-
able to contextual effects compared to the majority population of
Germany. However, it is unlikely that the observed effect of con-
textual factors on mortality should be restricted to resettlers only
and not apply to the general population of NRW. Other studies on
the general population found associations between health and
regional context: poorer regions showed a poorer average health
status.6–8 10 Still, these studies had the problem of not being able
to differentiate between effects of ‘context versus composition’.
Our study can make this distinction and provides evidence of a
causal effect of regional factors on health.

Could the results be biased by resettlers who were not
assigned to a cluster at the end of the follow-up (n = 1732;
5% of 34.393)? Assuming that mobile resettlers are healthier,

Figure 2 Sex-specific standardised
mortality ratios of male and female
cohort members in North
Rhine-Westphalia, by cluster. Vertical
lines denote 95% CI. C1: tertiary sector
cities with few families, C2: poverty
poles (Ruhr area), C3: heterogeneous
cities, C4: family zone, C5: prospering
regions and suburban counties, C6:
heterogeneous counties.

Table 3 Cox proportional hazards model, adjusting for sex and age
(in years)
Cluster RR (95% CI) p Value

Cluster 1: tertiary sector cities with few families 0.90 (0.70 to 1.16) 0.410
Cluster 2: poverty poles (Ruhr area) Ref.
Cluster 3: heterogeneous cities 0.88 (0.77 to 1.01) 0.070
Cluster 4: family zone 0.87* (0.77 to 0.99) 0.032
Cluster 5: prospering regions and suburban counties 0.82* (0.68 to 0.98) 0.025
Cluster 6: heterogeneous counties 0.77* (0.66 to 0.92) 0.003

*Indicates a significant difference in mortality (p<0.05).
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our mortality rates and SMRs could be overestimated. The
mortality of the resettlers who were not assigned to a cluster
was indeed lower compared to those who were, but the size of
bias is expected to be small since the number of people not
assigned to a cluster is also small.

Furthermore, no information is available on length of stay per
cluster in case of moving. Although the proportion of people who
moved between clusters is rather small (9%), it is still possible
that the person-years of a specific cohort member were assigned
to a cluster where this person did not spend most of the time
between 1990 and 2005. Also, the time period between exposure
to particular contextual factors and its effects on mortality can be
debated. Still, a mean observation time of 10 years should be long
enough to show the effect regional factors have on health.

When assessing the SMR, it has to be kept in mind that, for
example, the ‘family zone’ (cluster 4) had the highest share of
person-years (41.7%). Thus, it also comprises a high proportion of
the standard population, which results in SMRs closer to one.
This problem is overcome by the Cox analysis, where RR quan-
tify the differences in mortality between the six different clusters.

In summary, due to the quasi-random allocation of persons to
counties with different levels of regional deprivation, our find-
ings contribute to the discussion of ‘context vs. composition’ by
demonstrating that regional factors do influence mortality.

What is already known on this subject

▸ Several studies indicate that regional factors have an effect
on mortality which is independent of individual factors.

▸ It remains unclear to what extent the observed association is a
true effect of regional factors or due to selection processes of
individuals with certain individual characteristics into regions.

What this study adds

▸ Our study uses a natural experiment to test the hypothesis
that regional mortality differences are at least partly due to
regional effects.

▸ A population which was quasi-randomly distributed across
Germany ’s federal state North-Rhine Westphalia did show
regional variation in mortality after 10 years of observation.

Policy implications

▸ The effect of regional deprivation on mortality may be
substantial; in this study it is associated with an excess
mortality of around 20%. It needs to be investigated whether
policies aiming at a more equal distribution of resources can
mitigate this effect.
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