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Preface

The Series on Population Studies, which is edited by the Federal Institute for Population
Research in Wiesbaden (Germany), has been established in 1975. Since then, one or two
monographs or edited volumes have been published every year, mainly in German. Our aim
is to provide a scientific platform for distinguished monographs and edited volumes in the
broad field of population studies. To improve the scientific quality and recognition we have
developed the Series on Population Studies further — the German title is “Beitrdge zur
Bevolkerungswissenschaft” — in the last two years: First, the change to the publishing
company Barbara Budrich since Volume 45 enabled us to publish the volumes open access
after a moving wall of five years which facilitates an international visibility. Second, we
have established a peer review process with two reviews for each article, one by the editor
and one by an anonymous reviewer (double blind peer review).

We are happy to have won over Gabriele Doblhammer for this edited volume on health
in Germany. She is a full professor of empirical methods in social science and demography
in Rostock and since 2006 executive director of the Rostock Center for the Study of
Demographic Change. Since 2009, she is head of the Demography Department at the
German Center for Neurodegenerative Disease. Gabriele Doblhammer is one of the leading
experts in population studies on health and longevity. As such, she has published in several
international journals. Being a native Austrian, she lives and works in Germany since 17
years and she also takes part in public discourses on health in Germany.

In this book, she and the other authors give a comprehensive overview on key
developments as well as new insights on health in Germany. Which reasons make some
people live longer and healthier and which do not? The relevance of this question is
obvious, especially in an ageing population. Based on new data and innovative research
designs the book examines the social and behavioural determinants of health. The research
focuses on vanguard groups and vulnerable groups. What can be learnt from vanguard
groups with regard to health risks? And what are the reasons for considerable health
differences between migrant groups? Current results for those two groups are presented
which are highly relevant for both research and policy.

Without the dedication of several people this volume could not have been realized.
First of all, we thank Gabriele Doblhammer, her colleagues and all authors for their
contributions. We are indebted to the reviewers for their competent and detailed comments
and critical remarks. Our commitment to academic excellence is based on both innovative
authors as well as honorary reviewers. Further, we thank Sybille Steinmetz for typesetting
and Christian Fiedler for designing the cover.

We wish you stimulating reading and new insights into the topic of health in Germany.

Wiesbaden, Germany, September 2014
Federal Institute for Population Research






Introduction

Gabriele Doblhammer

1 Introduction

Since the latter decades of the 20" century, Germany and many other industrialized
countries have been experiencing an unprecedented decline in the mortality of the old and
oldest-old (Christensen et al. 2009). Today an 80-year-old German woman has the same
remaining life expectancy as her 75-year-old counterpart would have had 50 years ago, and
her probability of dying at age 80 has more than halved. The issue of whether trends in
health, morbidity, functional limitations, and disability are following a similar path,
particularly among the oldest-old, remains controversial. Health is a multidimensional
concept, and several indicators are needed to capture trends. To assess patterns and trends
in health, it is necessary to analyse different levels of health, while paying attention to the
fact that different indicators reflect different phases of the disease and disability processes
(Verbrugge and Jette 1994). The interpretation of studies that explore these trends is
complicated by the problem that the indicators of morbidity, functional limitations, and
disability have been applied inconsistently by different researchers. In addition, study
designs, participation rates, and the wording of questions tend to change over time.
Moreover, the institutional population is excluded in many health surveys. Despite these
methodological problems, there is a general consensus that functional impairment and
limitations related to the activities of daily living have been decreasing among the young
old. Little evidence exists, however, for those aged 85 and above (Christensen et al. 2009).

The aim of this issue is to contribute to the discussion on trends and patterns in health
among the elderly by focusing on three topics: (1) the identification of vanguard groups; (2)
the social and behavioral determinants of health; and (3) the trends and patterns among
vulnerable groups, particularly migrants. These three topics are embedded in the context of
current international research interests, and feature prominently alongside the individual
research questions each of the articles addresses. In the following, I will discuss the
articles’ contributions to these three topics. Since each article may contribute to more than
one topic, the chronological order of the articles in the discussion differs from that of the
special issue. In the special issue, the order of the articles is related to the health outcomes,
and there is a separate group of articles about migrants.

The first topic deals with health differences between the best practice group, or the
vanguard, and the worst-off group. The vanguard is of particular interest because it can be
seen as the highest level of health that can be reached under current conditions. From the
vanguard, it is possible to infer how high health levels could be in the future if the general
social and environmental conditions were to approach those of the vanguard group. The
second topic deals with the identification of distal and proximal factors of health, as well as
with the question of causality. Different study designs are applied in this issue, which lend
themselves to causal interpretations to a greater or lesser extent. However, even when no
causal inference is possible, these studies are important in generating new hypotheses. The
third topic deals with the physical and mental health of elderly migrants, a group that is
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becoming more important over time simply due to its increasing size. Many unobserved
characteristics differ between populations, and migrants may be selected according to good
health. In addition to data problems, the healthy migrant bias is frequently cited as an
explanation for the high life expectancy levels found among migrants. Whether this high
life expectancy also translates into a long life spent in good health is, however,
questionable. A large number of studies have suggested that migrants are in worse physical
health than non-migrants, and that this may also be true of mental health.

2 Vanguard groups

Differences in health within a country are often greater than the differences between
countries or over time. Two articles in this special issue examined regional differences at
the NUTS3 level and the two-digit postal code level in order to identify vanguard regions,
as well as the worst-performing regions. Two measures of health were used. The first
indicator was severe disability, which was defined as receiving benefits from the Statutory
Long-Term Care (SLTC) insurance in Germany. Using the 2009 census of SLTC
beneficiaries and regional life tables, the number of years lived from age 65 onwards
without the need for care was calculated, and the resulting indicator was called disability-
free life expectancy (DFLE). The second indicator was the period prevalence of dementia
based on ICDN diagnoses from medical doctors. These data, which were for the year 2007,
came from the largest German health insurer, the Allgemeine Ortskrankenkasse AOK.
These two datasets, which are completely unrelated in terms of their administrative
structure, identified similar vanguard and worst-performing regions in Germany. The
vanguard regions were situated in the southern and southwestern counties of Baden-
Wiirttemberg and Bavaria. In these regions, the absolute vanguard was Stuttgart, with 18.7
years of DFLE and the third-lowest German-wide prevalence of dementia (age
standardized: 7%). In eastern Germany, the vanguard was Dresden, with a DFLE of 17.8
years and a dementia prevalence of 8%. The worst-off regions in eastern Germany were
Mecklenburg-Western Pomerania, and especially Riigen and Northern Pomerania. In these
regions, the DFLE was 14.2/14.3 years and the dementia prevalence was 10%. The worst-
off regions in western Germany were northeastern Bavaria, the Ruhr area, and Saarland.
There the DFLE was between 14.1 and 15.5 years, and the dementia prevalence was
between 9% and 10%. The overall difference between the vanguard and the worst-off
region was about 4.5 years in terms of DFLE, and about four percentage points in terms of
dementia prevalence.
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Figure 1: Age-standardized dementia prevalence and disability-free life expectancy (DFLE)
by 2-digit postal codes (dementia) and NUTS3 level (DFLE): Germany ages 65+

Dementia, 65+
63-73 2-15.
073-78 M 156-15.9
W76-7.8 M 16.0-16.2
MW78-81 M 16.3-16.5
Ms1-85 [ 16.6-16.9
M 85-90 ] 17.0-17.3
M 9.0-100 [117.4-185

Data sources: AOK 2007 and SLTC census 2009. For further information, see the articles of Doblhammer
et al. and Kreft in this issue.

A third article in this special issue applied the concept of the vanguard and the worst-off
groups to a cross-country comparison of European health systems in examining the
relationship between disability, as measured by the ability to perform activities of daily living
(ADL), and chronic disease. This study examined the question of whether the health care
system modulates the relationship between chronic disease and disability, particularly
between stroke and ADL disability. Across Europe, mortality caused by stroke and other
cerebrovascular diseases is decreasing, not primarily because of lower incidence, but because
the chances of surviving the onset of these conditions, and the length of time lived thereafter,
have increased. This means that cerebrovascular conditions, and specifically stroke, will
increasingly become major drivers of long-term disability at older ages. Stroke is also a major
risk factor for dementia in old age. Using the fourth wave of the “Survey of Health Aging and
Retirement in Europe” (SHARE) for the population aged 60+ in 10 European countries, the
study found that the impact of stroke on ADL disability differed markedly along a north/south
gradient. The southern European countries were disadvantaged relative to the western and
northern European countries, with Sweden being the vanguard and Spain being the worst-off.
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The highly educated are a frequently studied vanguard group (Méki et al. 2013), as they
have higher life expectancy levels and better health. Kibele et al. (2013) found large
mortality differentials based on lifetime earnings using data from the German Federal
Pension Fund. Large educational differentials in German mortality have, for example, been
found by Muth et al. (2008), Doblhammer et al. (2009), Kroll and Lampert (2009), and
Klein (1996). A fourth article in this special issue showed that the highly educated not only
have lower mortality, but they also have a lower incidence and a lower prevalence of care
need, defined as receiving benefits from the SLTC system in Germany. Given the projected
increase in the need for care, which will result in a doubling of the number of SLTC
beneficiaries by 2050 (Statistische Amter des Bundes und der Linder 2010), the
compositional effects among the elderly due to changes in their educational structure are of
great societal importance.

3 Determinants of health and causal pathways

Studying health differentials between groups leads to questions being raised about the
determinants and the causal pathways of these differences. Several studies in this special
issue tried to identify these determinants based on a number of factors, including the
macroeconomic, educational, social, demographic, and health care systems. These
researchers also sought to identify determinants that are directly related to health, such as
individual lifestyle or behavioral characteristics, social status, medical treatment, or co-
morbidities. These determinants are usually classified into proximal (near) and distal (far)
determinants, but some scholars have recently argued (Krieger 2008) that the emphasis
should instead be on (1) levels such as those of nations, regions, cities, neighborhoods, and
households, as well as on the interplay of these levels; (2) causal pathways; and (3) the
power to act. Two of the studies in this special issue incorporated level into their analysis
by exploring health factors at both the individual and the macro levels. The first of these
two studies explored the cross-level effects of the social and the demographic structures of
the community on individual-level associations between formal volunteering and informal
helping on the one hand, and subjective health and depressive symptoms in middle age and
older adulthood on the other. The second study, as noted above, dealt with the impact of the
health care system on the relationship between stroke and ADL disability. The findings of
the first study suggested that the health effects of volunteering and informal helping in
middle age and older adulthood were not moderated by community characteristics. Instead,
the variables of both levels showed an independent effect on health outcomes. The second
study found that the health care system had a large impact on the disabling outcome of
stroke, even when individual-level characteristics were taken into account.

Two other studies in this special issue employed cross-sectional ecological study
designs by inferring correlations at the individual level from correlations at the macro level.
While these study designs are subject to the problem of the ecological fallacy, they were
chosen because of the lack of information about individual-level characteristics. The data
used in these two studies did, however, cover the total population or a large representative
share of the population. The SLTC census and the health care claims data of the AOK have
limited information about individual characteristics. Information at the macro level was
therefore used to infer the effects of both the distal and the proximal determinants. While
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this type of study design only provides information about correlations, and not about causal
pathways, it can be valuable for generating new hypotheses about possible pathways.

One study in this special issue explored the medical treatment histories of dementia
patients using longitudinal AOK health claims data. The aim was to explore whether a first
diagnosis by a neurologist/psychologist or by a general practitioner influenced the
subsequent transition to care. In addition, anti-dementia medication was accounted for.
While the longitudinal study design should have allowed for a causal inference to be made,
a close examination of the results suggested that the findings may have been strongly
influenced by the structure of the German health care system. In this study, the results may
partly reflect the distribution of the diagnoses of dementia patients between specialists and
generalists according to the severity of the disease. Thus, the results may have been driven
by selection forces. This leads us to the third topic of vulnerable groups and migrant
selection by health.

4 Migrant health

While migrants may be positively selected on the basis of their health prior to migration
(Fennelly 2005; Singh and Siahpush 2001; Muennig and Fahs 2002), their socially
disadvantaged position, together with effects of the demanding process of migration and
integration into a new environment, may be detrimental to the health of migrants over the
long term (Rumbaut 1997; Ng 2011). For elderly migrants, this may mean that they will
live more years while in poor physical and mental health. In this issue, the first article about
migrants explored the differences in healthy life expectancy between Turkish migrants and
native Germans by combining death data from Destatis 2004/05 with population data from
the Central Register of Foreigners 2005/06 and survey data on health from the Gender and
Generations Survey (GGS) 2005. Even after a careful examination of the official population
and death data was conducted, the findings still indicated that Turkish migrants had a
remarkably high life expectancy. This advantage relative to native Germans was, however,
counterbalanced by more years spent in poor health. The second article focused on the
mental health of different migrant groups in comparison to native Germans. Using the
German Socioeconomic Panel Study, the mental health of elderly migrants was followed
over a nine-year time period from 2002 to 2009. The differences found in mental health
between the different migrant groups could not be explained by their social position or
individual characteristics, including those of health and lifestyle. Ethnic Germans were
found to have mental health levels comparable to those of native Germans, which gives this
group a vanguard position among immigrants in Germany, and makes ethnic Germans a
best-practice example of positive integration.

The articles in this special issue drew upon a wide variety of data sources. The three
articles that studied SLTC beneficiaries were based on the complete census of all
beneficiaries (Pflegestatistik) for the year 2009, a representative longitudinal sample of the
health claims data of the AOK for the years 2004 to 2008, and the German micro-census
panel for the years 2002 to 2004. These are the first studies on SLTC beneficiaries which
have used these secondary data in a multi-level and longitudinal study design. The Central
Register of Foreigners 2005/06, together with death and population data from Destatis
2004/05, formed the basis of the life expectancy estimates for Turkish migrants living in
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Germany. Survey data from the GSOEP 2002 to 2009 and the GGS 2005 were important
sources for the study of the health of migrants, while the third wave of the European-wide
Survey of Health and Retirement in Europe (SHARE) in 2011/2012 was used in the
comparative cross-sectional analysis of the relationship between stroke and disability in 10
European countries. The German Ageing Survey for the years 2002 and 2008 formed the
basis of the study about the effect of volunteering on health.

5 The articles in detail

In this issue, the chronological order of the articles has been divided into three groups. The
first group consists of three articles dealing with the topics of disability, dementia, and
subjective health. The second group focuses on the German Statutory Long-Term Care
system and its beneficiaries, while the third group deals with migrant health.

5.1 Subjective health, disability, dementia, and depression

The first article by Alexander Barth and co-authors focused on stroke as a driver of
disability at older ages, and looked at whether there were country-level differences in the
impact of stroke on disability in Europe. Stroke is an important proximal factor in
functional disability, which is expected to become more prevalent in the coming years.
Since rates of survival after stroke have increased, more cases of disability related to stroke
are expected to occur. Barth et al. developed the hypothesis that in the aftermath of a stroke,
health care utilization is especially frequent. Therefore, the impact of stroke on levels of
ADL disability should depend on the type of health care regime. The authors tested this
hypothesis using the third wave of the European-wide survey SHARE of people aged 60+,
which was conducted in 2011/12. The results suggested that stroke leads to disability more
frequently in southern Europe than in western or northern Europe. According to the study, a
possible causal pathway for this correlation was the accessibility of the health care system,
particularly the availability of specialist or generalist medical treatment. However, a
selection bias in the study population could not be completely ruled out. As in most studies
based on survey data, people living in institutions, such as nursing or retirement homes,
were excluded or underrepresented. Whereas in the northern and western European
countries up to 10% of the older population live in institutions, institutionalization rates are
very low in southern Europe. Individual health and care requirements, including those that
arise from a stroke, are among the main reasons why people move to a care facility. Thus,
elderly people who suffer from ADL disabilities after having stroke may be more likely to
be included in the SHARE sample in southern than in western and northern Europe. The
authors tried to correct for this possibility by introducing a macro-variable into the analysis
that accounted for country-specific over- and underestimations of the age group 85+ in
SHARE. But because this macro-variable had little effect on the overall results, the authors
concluded that the national health care system likely played an important role. Future
studies should explore the effect of the health care system on a sub-national level, and take
into consideration whether people live in an urban or a rural area. The accessibility of
health care may differ to a greater extent between communities than between nation states.
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The second article by Gabriele Doblhammer and co-authors presented spatial patterns
in dementia prevalence in Germany using health claims data from the AOK for the year
2007. This was the first year for which regional data on dementia were available for
Germany. Large differences in dementia prevalence were found, with higher levels
observed in eastern Germany, as well as in northeastern Bavaria, Saarland, and the Ruhr
area. In western Germany, prevalence was shown to be low in the southern regions around
Stuttgart, Frankfurt, and Mainz; in the area of Cologne-Bonn; in Schleswig-Holstein; and in
Lower Saxony. Most importantly, the regional distribution of the dementia prevalence was
shown to be highly correlated with the spatial distribution of the three major cardiovascular
risk factors; i.e., high blood pressure, diabetes mellitus, und hypercholesterolemia. These
results lend support to findings from earlier epidemiological studies which showed that the
risk factors for cardiovascular disease are also risk factors for dementia. While health
claims data are subject to administrative influences that may create various types of biases,
they are a valid tool for generating hypothesis and testing correlations at the population
level. Future regional studies should try to account for a possible bias by taking into
consideration the regional structure of the AOK population, and by examining whether
regions with high levels of dementia prevalence correlate with regions of high AOK
coverage, and vice versa. Another fruitful area for future research may lie in the analysis of
the correlation of the spatial pattern with regional meta-data on the socioeconomic
composition of the population. Based on the concept of cognitive reserve, regions in which
a larger proportion of the population are endowed with more social capital should fare
better.

The aim of the third article by Andreas Mergenthaler was to identify to what extent the
positive effect of volunteering on health depends on the characteristics of the place where
the individual volunteer lives. Volunteering is not only beneficial for the recipient and for
civil society; it can also have a positive impact on the health and longevity of the volunteer.
Whether the social and physical conditions of the community or the neighborhood act as
modifying factors on this relationship remains an open question. The author used two
waves from the German Ageing Survey (DEAS) for the years 2002 and 2008 for
individuals aged 40 and above in estimating multiple random coefficient models (growth
curve models). Macro-data that referred to street sections were selected from the database
of the Microm Micromarketing Systems and Consult GmbH. The author looked at both
subjective health and depressive symptoms. The results indicated that there were direct
positive health effects of volunteering at both the individual and the community levels, but
that there was no modifying effect of the community on the individual level. Future studies
should try to incorporate the household level as an additional intermediate level between
the individual and the community levels. As the household context has been repeatedly
shown to have important consequences for health, it may also influence the likelihood of
volunteering.

5.2 Long-term care in Germany

Three of the articles in this special issue focused on the Statutory Long-Term Care system
(SLTC) in Germany. Long-term care was defined in this context as the services provided to
individuals who are receiving benefits from statutory long-term care insurance in Germany.
These beneficiaries represent a sub-group of all of the people in Germany who are in need
of care due to limitations in their ability to perform the activities of daily living. While the
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study of disability beyond a specific legal context is valuable, the study of disability as
defined by the German SLTC is becoming increasingly important. As the proportion of the
population who are elderly grows, the problems associated with long-term care provision
and utilization are increasingly attracting the attention of researchers and policy makers. In
the German context, the question of the financial sustainability of the SLTC system in an
aging population is of particular importance, as is the issue of how care need is defined. In
the Statutory Long-Term Care system, only individuals with severe restrictions in their
ability to perform the activities of daily living are considered as in need of care. The criteria
only partly allows that individuals with limitations due to cognitive impairment may require
care, unless those limitations are combined with physical impairments. The articles cover
different dimensions of the German Statutory Long-Term Care system in an attempt to
identify the groups of people who are at particularly high risk of becoming disabled.

The article by Olga Grigorieva analyzed the impact of education on the transition to
statutory long-term care among the elderly in Germany. The author developed the
hypothesis that less educated people have a higher incidence and a higher prevalence of
long-term care than highly educated people. While several studies on the utilization of the
Statutory Long-Term Care have been carried out for Germany, information about
educational differentials among long-term care beneficiaries has been lacking. This is due
to insufficient data, as the German SLTC census only provides information about sex, year
of birth, grade of disability, and county of residence. No further information about the
characteristics of the beneficiaries is given. A series of studies on educational differentials
in ADL disabilities or functional limitations have been conducted for Germany, but the
number of people in these groups was much larger than the number of SLTC beneficiaries,
because not all individuals with physical impairments fulfill the rather strict SLTC criteria.
By using the micro-census panel for the years 2002 to 2004, the author was able to examine
for the first time for Germany the educational differentials in the transition to long-term
care, and the prevalence of long-term care. As hypothesized, she found that the less
educated of both sexes and in eastern and western Germany were at considerably higher
risk of becoming disabled than the highly educated. The SLTC incidence rate was 19.2
persons per 1,000 person-years for all ages 65+ for the less educated, while the
corresponding figure for the highly educated was 11.7. As with mortality and health in
general, the educational differentials were found to be smaller among women than men, and
they appeared to be higher in the east than in the west. Even after this analysis, however,
information about survival in long-term care by educational group is still missing. While
the micro-census panel has a sufficient number of cases for studying the incidence and the
prevalence of SLTC, the number of deaths among SLTC beneficiaries by educational group
is too small for any meaningful analysis. One hypothesis is that the highly educated are able
to postpone disability into higher ages, and thus receive SLTC allowances later in life.
Once disabled, however, their health might deteriorate faster, and they may die soon
thereafter. Thus, it remains unclear whether the less educated move into SLTC at an earlier
age, and whether they receive more years of SLTC allowances than the highly educated.

The article by Daniel Kreft explored spatial differences in SLTC prevalence, and linked
these differences to regional indicators of socioeconomic performance, socioeconomic
composition, level of urbanization, and health structure. The author asked two main
questions. First, he examined whether life expectancy in a county was correlated with life
expectancy free of the need for care. Second, he tried to identify the regional correlates of
poor versus good health. The first question is linked to research on the compression or
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expansion of morbidity, which attempts to determine whether increasing life expectancy
leads to more years with poor health and disability (= an expansion of morbidity) or
whether the additional years of life are healthy (= a compression of morbidity). In order to
answer this question, it would appear that a study design that follows a time trend would be
needed. Currently, however, little reliable and valid data on long-term trends are available.
An alternative design that has frequently been used in the international comparison of
health in Europe involves comparing at a single point in time the health expectancy levels
of regions with different levels of life expectancy. The author used this approach to study
for the first time for Germany the cross-sectional relationship between life expectancy and
care need. He came to the conclusion that individuals who were living in regions with high
life expectancy spent a smaller proportion of their life with disabilities, according to the
SLTC criteria. Results from the author’s meta-regression suggested that there was a
significant relationship between a county’s health and the county’s socioeconomic
performance, socioeconomic composition, level of urbanization, and health structure. A
high household income per capita, a low long-term unemployment rate, a high population
density, and a low level of premature mortality in a county was significantly linked to a
larger proportion of years lived without disability. Thus, this study appears to strengthen the
findings of Olga Grigorieva’s article, which showed that care need is differentiated by
social status. However, while the latter article found a social gradient at the individual level,
this study found a gradient at the regional level. Since the SLTC census does not contain
socioeconomic information at the individual level, it was not possible to infer whether the
regional differentials reflected the effect of the environment or the effect of the aggregated
individual characteristics. Future studies should combine the individual and the regional
approaches.

The article by Anne Fink dealt with the transition to SLTC after an incident dementia
diagnosis. Treatment of dementia is one of the leading challenges facing health care
systems. Because a large share of dementia sufferers require long-term care, it is a very
cost-intensive disease to treat. Studies have shown that at the end of life, 90% of all people
with dementia are in need of care, and that they require longer periods of care than people
without dementia. While anti-dementia drug therapies cannot cure dementia, research has
shown that these drugs can reduce periods of long-term care and delay nursing home
placement. The author examined the question of whether anti-dementia drug treatment
reduces the risk of needing long-term care. In addition, she looked at whether an incident
dementia diagnosis by a neurologist/psychiatrist (NP) was more likely to be correlated with
a postponement of the transition to SLTC than a diagnosis by a general practitioner (GP).
Research has shown that GPs prescribe anti-dementia drugs less frequently than
neurologists, and that they tend to be less informed about the treatment options. The
analysis was based on longitudinal health claims data from the largest public health insurer
in Germany, the AOK, which followed insured individuals with an incident dementia
diagnosis in 2006 until the end of 2008. Surprisingly, the empirical evidence suggested that
the patients who were receiving anti-dementia drug treatment were at increased risk of
SLTC. This may be because the patients who were receiving the drug treatment, which is
generally administered at a later stage of the disease, had more severe forms of dementia. In
line with the hypothesis, it appeared that patients who were first diagnosed by an NP had a
significantly reduced risk of qualifying for SLTC compared to patients who received their
first diagnosis from a GP. Despite the initial assumption, this difference was not attributable
to differing anti-dementia drug prescription patterns, which were controlled for in the
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analysis. One explanation for the advantage observed among the patients diagnosed by an
NP may be that they received more appropriate treatments beyond dementia drugs. Another
explanation is that GPs may have difficulties in diagnosing mild dementia cases, and thus
diagnoses are delayed to a later, more severe stage. In other words, the patients of both the
NPs and the GPs survived the same amount of time with long-term care, but the NP patients
were diagnosed earlier and their LTC-free survival time appears to have been longer.
Determining which of the two explanations is correct will require further analysis, and will
probably involve differentiating between the types of anti-dementia drug prescribed, as well
as between the SLTC levels patients are granted. If GPs diagnose dementia at a later stage,
then the physical limitations of the dementia patient will be more severe, and higher SLTC
levels will be granted. This would indicate that a diagnosis by an NP does not translate into
an advantage for the patient. The result would then simply reflect how the German health
care system works, and how dementia patients are channeled to GPs and NPs according to
the severity of their dementia symptoms.

5.3 Migrant health in Germany

The physical health of Turkish nationals living in Germany has been found to be worse than
that of native Germans, even though their life expectancy appears to be the same or higher.
The extent to which these findings are attributable to the poor quality of the data on
migrants in the official German Registry of Foreigners remains unclear. The first article by
Marie Carnein and co-authors represents a new attempt to determine the life expectancy of
Turkish migrants living in Germany, and to combine this information with survey data from
the Gender and Generations Survey 2005 on health. The data for the life table calculations
came from the Central Register of Foreigners 2005/06. Turkish migrants were defined by
nationality, which is the only information available in the official data. The article opens
with a careful discussion of the quality of the data. The authors noted that there may be
biases in the official data on the stock of migrants due to the decentralized collection of
data and the failure of migrants to report when they are leaving the country. The number of
deaths may also be biased due to the non-reporting of the death of a foreign resident abroad.
A combination of these two factors may lead to a downward bias in the mortality rate of
migrants. Indeed, the authors found that the partial life expectancy between ages 50 and 79
of Turkish migrant men was more than one year higher than that of their native German
counterparts, while the life expectancy of Turkish migrant women was around six months
higher. However, the subjective health of the migrants measured in terms of limitations in
the ability to carry out normal everyday activities (GALI) was worse. The authors
concluded that the health gap between native Germans and migrants was not the result of
differences in socioeconomic composition, as the gap remained even when the logistic
regression models controlled for its influence. A series of possible factors reflecting the
migration and the integration process were tested, as were factors that were unrelated to the
experience of migration. Among them were access to coping resources, like family
networks or financial well-being, which were found to reduce limitations among both
Turkish migrants and native Germans. The German 2011 census provides new
opportunities for making better estimates of the life expectancy of migrants on the basis of
nationality. Future calculations should use the population data from the census to estimate
death rates. The reliability of the high life expectancy levels for Turkish migrants reported
in this study could then be tested.
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The second article, which was by Nadja Milewski and a co-author, extended the
question of migrant health to the mental health dimension and to different migrant groups.
In this article, migrants were defined by their own migration background. The aim of the
study was to explore whether international migrants and non-migrant Germans differed in
their self-evaluation of mental health, and, if so, why. The study also looked at the question
of whether migrants are positively or negatively selected according to their mental health.
Contradictory hypotheses exist, with some authors arguing that most migrants are socially
underprivileged, and that their mental health status is therefore worse; and other researchers
pointing out that that migrants are positively selected by good physical health, which
should be a reflection of their mental health. The study focused on health in the second half
of life by following women and men born between 1922 and 1950 during the years 2002 to
2010 using data from the German Socio-economic Panel Study. Mental health was
measured according to the SF12 scale, using the items that address the mental dimensions
of health. The results of the panel regressions showed that migrants from Turkey, migrants
from southern and southeastern European countries, and asylum seekers rated their mental
health lower than native Germans; and lower than members of other migrant groups, who
are mainly from other European or industrialized countries. Socioeconomic factors were
important determinants of mental health, and contributed to the worse mental health rating
of migrants. However, these factors could not fully explain the migrants’ disadvantage
relative to native Germans. Integration experiences may differ based on individual
characteristics, but at a macro level, circumstances such as the general societal climate
towards migrants groups, legal changes, and the strength of the economy may also vary.
Future research should take these macro factors into account and explore their effects on
migrant health and well-being.

This special issue on health among the elderly in Germany would not have been
possible without the support of the following people, to whom I am deeply grateful. First I
would like to thank Prof. Dr. Norbert F. Schneider, Director of the Federal Institute for
Population Research (BIB), who invited me to become an editor of this special issue. He
not only made this issue possible, but also provided me with the efficient support of his
institute in handling the submission and review process. Dr. Martin Bujard from the BIB
played an essential role in the communication process between the reviewers and the editor.
I would also like to thank the unknown reviewers whose comments helped tremendously in
improving all of the articles. Last but not least, I would like to thank Miriam Hils and
Renee Flibotte-Liiskow for their English editing.
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Welfare state and disability. The relationship between stroke
and disability depends on the health care system

Alexander Barth, Gabriele Doblhammer, Dorly J. H. Deeg

Abstract

Europe will be faced with an aging population, and thus with a growing incidence of stroke.
Reducing the impact of stroke on limitations in daily activities could be an important part of
a broader strategy to confront the challenges associated with future demographic shifts, as it
would help to minimize the increase in the number of older people with these disabilities.

This study investigated country-level differences in Europe in the effect of stroke on
disability in activities of daily living (ADL) using multilevel logistic regression models
with data from the fourth wave of the Survey of Health, Ageing and Retirement in Europe.
The pattern of the disabling impact of stroke was clustered regionally in Europe. The
western and southern European countries formed two distinct, largely homogenous groups.
Western European countries performed better than southern European countries. Among
the northern countries, Sweden showed the best results while Denmark’s performance was
more similar to that of the southern countries. In Italy, stroke was associated with nearly
four times the disability risk as in Sweden; and in Spain, the disability risk was three times
as high as in Sweden. Even in countries like Germany or the Netherlands and the remaining
western European region, stroke was associated with more than double the risk found in
Sweden. To put these results in context, in Sweden, the impact of stroke on disability was
even lower than the impact of diabetes. In western Europe, stroke increased the disability
risk about as much as a depression, while the southern European countries had an increased
ADL-disability risk comparable to 20 additional years of age.

Future research should concentrate on investigating the causal pathways in relation to
the specific properties of health care systems, thereby identifying opportunities for targeted
reform. This may help to decrease the inequalities found in the disabling effects of stroke,
especially in the southern countries. To address the causes of disability in addition to
stroke, and to further equalize the chances of having a healthy life in older age among
Europe’s aging population, the efforts of policy makers could be rooted in preventing the
further spread of socioeconomic inequity and inequality.

1 Introduction

The absolute and relative number of older people in industrialized countries has increased
in the last couple of decades due to rising life expectancy and low fertility (Christensen et
al. 2009). Thus, issues concerning the health of the older population have attracted
considerable attention in recent years. Institutional welfare, pension, and health care
systems need to be adapted to cope with the growing number of retirees and the changing
demand for medical services associated with this demographic shift (Schulz et al. 2004).
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These changes also affect informal care patterns and the total care workload of families
(Haberkern and Szydlik 2008). The ageing of the population (Christensen et al. 2009) leads
to a greater number of older people afflicted with some form of chronic disease or other
constraint on leading an independent life, which are the main causes of physical disability
(Puts et al. 2008; Fried 1999). Therefore, not only developments in morbidity, but also in
disability are of interest in assessments of later-life health. From an individual perspective
focused on quality of life and overall well-being, as well as from a broader perspective
focused on additional pressures on welfare systems, it is desirable to keep the aging
population free from disability as long as possible and the need for formal and informal
care as low as possible (Pluijm et al. 2005). Stroke is an important cause of functional
disability that is expected to become more prevalent in the coming years (Ringelstein et al.
2007; Hoeymans et al. 2012, p. 165). In addition, as rates of survival after stroke have
increased in recent years, more cases of disability related to stroke can be expected
(Doblhammer et al. 2012; Deeg et al. 2013).

Therefore, we focus on stroke as a driver of older-age disability and assess whether
there are country-level differences in its impact on disability in European countries.

The article is organized as follows. First, we give an overview of previous research on
population-level health inequalities and their causes, including explanations involving the
welfare regime perspective. We then explain why we focus on the comparison of the impact
of stroke on disability from a comparative perspective. In chapter 2, we present our data,
variables, and methods. In chapter 3 we report our results, which we then discuss in chapter 4.

1.1 State of research: health inequalities

Previous studies investigating aspects of health at older ages, specifically the prevalence of
disease and its detrimental impact on physical function from a comparative perspective,
have shown signs of inequalities in Europe. These inequalities have been found both in
comparisons of population health measures between countries, and in health measures
within countries that translate into country-level differences. For instance, Ploubidis et al.
(2012) reported a north/south gradient for a measure of later life health in Europe modeled
as a latent variable combining a total of nine self-rated and observer-measured health
indicators, in which Scandinavian and western European countries (with considerable
variation within this group) showed the best population health, while countries in the south
exhibited the worst population health. Minicuci et al. (2004) compared the prevalence of
disability in daily living activities and found that its prevalence is lower among seniors in
the Netherlands than in Spain and Italy. Other studies posited lesser amounts of inequality
for some northern or western European countries (Chung and Muntaner 2007; Eikemo et al.
2008) than elsewhere in Europe (Rostila 2007). Brennenstuhl et al. (2012) concluded in
their literature review of health differences in Europe that the results of studies which either
compared population health or tried to link welfare regimes or different measures of
socioeconomic inequalities to health outcomes did not provide unambiguous conclusions
regarding the relationship of the welfare regime and health outcomes because of the mixed
nature of the results. They also noted that the results varied strongly depending on the
measure of socioeconomic inequality or health outcome used, and that none of these previous
studies focused solely on the disabling impact of a single disease, but rather compared net
outcome measures.
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A broad body of literature that has tried to explain such mixed results in terms of
inequalities in health outcomes is available. Mackenbach (2012) pointed out that, even for
western European nations commonly regarded as prosperous and developed in terms of
welfare arrangements, socioeconomic stratification as measured by education, occupation,
or income systematically translates into morbidity inequalities, regardless of the strength
and scope of redistributive schemes, and even independent of the degree of equality of
health care access. Eikemo et al. (2008) agreed with this conclusion. Minicuci et al. (2004)
argued in a somewhat similar manner, pointing to marked differences in educational status
between northern and southern European countries, which translate into differences in
occupational and economic status, which are themselves determinants for health outcomes,
and which are also related to individual lifestyle, health care utilization, and risk behavior.
Avendano et al. (2009) emphasized that, for southern European countries, the association of
socioeconomic status and education level with health status is especially strong, leading to
less favorable results in the south. He concluded that, because there is less variation in these
determinants in northern and western Europe, health inequalities are smaller in these
countries than in the southern countries. But as in the rest of Europe, within the northern
region, socioeconomic inequalities translate into health inequalities, as Lahelma and
Lundberg (2009) have shown.

However, the question remains whether country differences in health are a genuine
effect of different welfare regimes, or just the result of different compositions of influential
determinants like socioeconomic status in the respective countries. Wendt (2009) observed
in summary that most of the studies that have investigated welfare regime effects on health
outcomes have attributed only a small part of the health variations between countries to
welfare regime effects.

While no clear view on the relationship between welfare regimes and health outcomes
has emerged in the literature, the diagnosis of health inequalities within European countries
holds over time. Kunst (2005, p. 303) concluded that “socioeconomic inequalities in self-
assessed health showed a high degree of stability in European countries.”

Aside from describing health status as a consequence of socioeconomic position, various
other explanations of the origins of health outcome differences have been offered. Minicuci
et al. (2004), Plujim et al. (2005) and Rostila (2007, p. 235) argued in a similar vein that
“[t]here could be crucial cultural differences in the way people of different nationalities and
with different languages perceive their own health status and interpret questions about health
and well-being.” Thus, varying definitions of what actually constitutes a disability might
influence reported levels of disability. Another potential problem which is, unfortunately,
hard to assess is a tendency among older people to overreport their degree of physical
limitations out of fear of losing the disability benefit payments they need to supplement their
pensions. In addition, in countries where intra-familiar support is culturally valued and
individually available, there might be a greater willingness to admit to having a disability,
whereas in countries with cultural norms of independence and a tendency to underplay
disabilities, there might be an underreporting of factual disability prevalence; with each
behavior potentially clustered regionally (Minicuci et al. 2004).

1.2 State of research: welfare and health care regime typologies

Most researchers who compare health inequalities across European countries try to
determine whether their results can be seen in terms of geographic proximity or the
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similarities of the relevant institutions. Thus, most directly use or at least refer to welfare
regime theory when explaining the different patterns of health across Europe. Welfare
regimes are situated at an important intersection between the individual and social spheres,
as they regulate and distribute the provision of goods such as wealth, status, social services,
and, importantly, health care access and services; based on different paradigms between
universal and equal entitlement and the corporatist allocation of individual claims derived from
socioeconomic status.

The Esping-Andersen typology, which was first introduced in 1990, is still widely
recognized. Esping-Andersen (1990) argued that Europe’s welfare regimes can be
analytically divided into three worlds of welfare capitalism: the liberal, social democratic,
and conservative regime types. His view on welfare regime types focused on the degree of
the decommodification of labor: that is, the extent to which a regime enables an individual to
sustain a certain commonly acceptable standard of living without necessarily relying on the
(labor) market, but rather on redistributive transfers from society as a whole. Thus, social
stratification, at least from a financial perspective, is influenced by the welfare regime to
varying degrees. The liberal welfare state mostly relies on individual market earnings and
pension planning, only providing a means-tested basic standard of support. Thus, it is the
provision of baseline security and not the reduction of inequality that the liberal state seeks
to achieve. The social democratic state, on the other hand, focuses its efforts on providing
equity and a just distribution of the resources needed to meet the needs that arise during the
life course. In addition to establishing financial redistributive measures, the social
democratic state provides a wide range of universally accessible social services, such as
education, care for children and older people, and health care services. Between these types,
Esping-Andersen placed the conservative welfare regime, which also provides a plethora of
social services. But rather than focusing on equal access, conservative welfare states tend to
replicate the existing social stratification, by, for example, linking pension levels to wages
earned from the previous position in the labor market. Given the importance of the
relationship between socioeconomic status and health, it could be argued that, as comparable
welfare regimes redistribute resources which influence health status in a similar manner,
they should also have comparable health outcomes.

While Esping-Andersen’s typology has proven to be very useful as a framework for the
study of all kinds of welfare regime effects, it lacks explanatory power concerning two
aspects from the perspective of our study. First, the southern European countries are hard to
place in the existing original framework (Ferrera 1996), and second, more importantly, a
distinction should be made between the redistributive and social service aspects of welfare
regimes and the subset of policies that constitute the health care system. Jensen observed
that a distinction between general social services and health care provision is preferable to a
direct application of the welfare regime framework for health outcome analyses, because
health care expenditures are very similar across European countries, “while expenditure on
social care services conforms to the regime typology of Esping-Andersen,” (Jensen 2008,
p- 151) leading him to posit that “health care seems disconnected from the traditional
welfare state concepts.” (Ibid., p. 152) Jensen concluded that analyses using classic welfare
regime typologies to investigate health differences do not fare well because, in terms of
expenditures, there are no distinct “regimes to be found.” (Ibid., p. 156) Other researchers
have reached similar conclusions about the applicability of the classic welfare regime
framework in comparisons of health outcomes, pointing out that this framework may be a
good tool for pinpointing differences in relative deprivation regarding wealth and poverty,
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but is less useful in understanding health care provision, since there has been a convergence
in the levels of overall health expenditure per capita across Europe (Lahelma and Lundberg
2009). Of course, this tendency toward harmonization mainly pertains to an aggregate mean
of the financial input side, and ignores determinants of individual access and utilization, as
well as other finer points of health care system characteristics. Thus, differences in other
aspects of the health care system remain that should not be ignored. Several contributions,
such as that of Wendt (2009), have noted the shortcomings of classical welfare regime
theory in analyzing health outcomes, and have therefore focused on disentangling welfare
regime characteristics from health care properties, taking into account the specifics of
access regulation. In addition to taking health expenditure per capita (as percentage of gross
domestic product or the fraction of out of pocket payments out of total health expenditure)
into account, Wendt included measures of inpatient and outpatient health care provision,
health care access entitlement, incentives for medical practitioners that might influence
their behavior, and different aspects of access regulation and financial obstacles that might
prevent direct contact with specialists (Wendt 2009). This refined analytical framework can
be used to reveal the differences that exist beneath what appears to be a uniform pattern of
European health care spending.

The application of health care system typologies, such as the one provided by Wendt,
produces clustering that is generally in line with the classic welfare regions. For example,
in his cluster analysis, the western European region encompasses the same countries as in
previous welfare frameworks: i.e., the German-speaking countries, Belgium, and France. In
the countries in this cluster, there are few to no restrictions in access to specialists, high
levels of total health expenditure (most of which are publicly funded), and moderate private
copayments. Another cluster includes the northern European countries of Sweden and
Denmark, but also Italy. Relative to countries in the previous cluster, these national health
service type countries have lower levels of health expenditure, lower levels of outpatient
care, and strict regulations regarding access to doctors. Spain is placed in a third cluster
together with Finland and Portugal. The countries in this cluster share low levels of health
expenditure and high shares of private copayments, once again combined with dense
regulations regarding specialist access and selection (ibid.). Thus, the European countries
vary greatly, in terms of both their broad welfare regimes and the specific characteristics of
their health care systems. These two typologies may be relevant in attempting to explain the
ways in which people use the medical services that affect health outcomes, such as disability.

1.3 Why investigate a disability gradient for stroke?

Stroke is in large part a consequence of high blood pressure and atherosclerosis. Over the
life course, accumulating deposits in arteries can block the blood flow and oxygen supply
of vital organs. If this happens in blood vessels in the brain, a stroke can occur. Another
cause is the rupturing of vessels. Because of its etiology, stroke has a sudden onset, and is
more likely to occur in individuals who have an unhealthy lifestyle and who are older. If a
stroke is not lethal, it leads to varying degrees of disability, depending on the time that
elapses between the onset and the initial treatment, and the general level of medical care
and recovery measures the individual subsequently receives (Ringelstein et al. 2007). As
the areas of the brain that are most affected by a stroke control the motor and cognitive
functions (Fried et al. 1994), patients may face limitations in performing self-care and the
higher function tasks of daily living (Fried 1999). These drastic consequences make stroke



28 Alexander Barth, Gabriele Doblhammer, Dorly J. H. Deeg

an interesting disease to examine in a study such as this one. Stroke occurs frequently
enough to be represented in sufficiently large numbers in the population, and it also leads to
severe limitations in activities of daily living in the absence of other constraining diseases.

Given of the general aging trend, and the general expectation that no major change in
stroke incidence is likely, most researchers anticipate that stroke will be an increasing
problem going forward. All over Europe, mortality caused by stroke and other
cerebrovascular diseases is decreasing, not primarily because of lower incidence, but
because the chances of surviving and the time of survival after the onset have increased.
This means that cerebrovascular conditions, and specifically stroke, will increasingly
become major drivers of long-term disability in older age (Doblhammer et al. 2012).
Medical research is currently focused on reducing the disability risk following a stroke by
means of innovative treatments, both pharmacological and otherwise (Hennerici et al.
2013). The findings have so far indicated that new, relatively low-risk clot-busting drug
treatments can significantly improve disability and quality-of-life outcomes for one and a
half years or longer, if they are administered quickly enough (The IST-3 coll. group 2013).
The immediate management of the pre-hospital stroke response, which should provide a
combination of the most effective treatments administered as quickly as possible, remains
an important area of research. There is still considerable room for improvement in this area,
and innovations in treatments will be needed (Fassbender et al. 2013). Thus, despite
encouraging results in quick-response management and treatment options, stroke will
continue to be a major cause of disability in the future. Therefore, comparative findings
regarding the disabling impact of stroke will continue to be useful (Ringelstein et al. 2007).

Focusing on stroke, while still accounting for other health indicators and causes of
disability, allows us to assess to what degree European welfare regions differ in terms of
the moderating effects between disease and disability. In essence, we narrow our take on
welfare regime effects from a broad comparison of, for example, disability prevalence
across European countries, to the consequences of a single chronic disease in order to show
whether, and to what degree, the outcomes differ.

Moreover, we can analyze to what extent the general variation in disability across
Europe depends on the country of residence, all other things being equal.

If we can show that the impact of a chronic disease such as stroke on the ability to
perform daily routine tasks varies between European welfare systems as an independent
effect not caused simply by the compositional differences of the various populations, we
might be able to recommend health care reform policies based on best practice models that
can help to create a healthy, disability-free aging European society. By focusing on
disability as related to a specific disease such as stroke, it might also be possible to provide
more specific insights into the disease-disability relationship, rather than to simply point out
gross differences in levels of disability in activities of daily living.

Based on the previous discussion, we develop the following hypotheses:

1) Controlling for relevant determinants, including stroke, as causes of disability,
differences in levels of disability in activities of daily living exist across European
countries, and the patterns are similar to those of previously developed welfare
regime typologies.

2) Given that in the aftermath of stroke, health care utilization is especially frequent,
differences in the impact of stroke on disability in activities of daily living are
especially pronounced, and the patterns are similar to those of established welfare
regime typologies.
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2 Data and methods

2.1 Data

This analysis is based on the Survey of Health, Ageing and Retirement in Europe
(SHARE), a multidisciplinary panel study of the life courses, health, and economic
situations of Europeans ages 50+. It contains a broad selection of useful information,
including details on health, care need, disability, family structure, finances, and
demographics. This study primarily uses SHARE’s most recent fourth wave, which was
collected in 2011/12.! The average household response rate was at about 50%, while the
average individual response rate was around 44% (Kneip 2013). Data from individuals ages
60 or older from Austria, Belgium, Denmark, France, Germany, Italy, the Netherlands,
Spain, Sweden, and Switzerland are used.

Table 1: Sample size documentation

Coverscreen wave 4 83854
Reduction to wave 4 interviews -24696
59158
Reduction to countries in study -22532
36626
Missing information (year of birth) -12
36614
Reduction to desired age group (60+) -11692
24922
Reduction to population not in nursing homes -291
24631
Missing information (household structure) -31
24600
Removal of shortened end of live proxy interviews (remove deceased cases) -800
23800
Missing information for outcome variable ADL disability -119
23681
Missing information for independent variable Euro-D depression indicator -11
23670
Missing information for independent variable number of contacts with
medical practitioner -29
Final sample size 23641

Source: SHARE wave 4

1 SHARE wave 1, conducted in 2004/05, was used for sensitivity analyses; as was wave 2 collected in

2006/07.
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Out of 24,922 respondents meeting these criteria, 291 nursing home residents were
excluded from our analyses, and 31 respondents were excluded due to missing basic
information on household composition. Another 800 cases were end-of-life proxy
interviews and therefore had to be dropped as well. Of the remaining cases, 119 had
missing data on the dependent variable ADL disability, while another 11 cases were
removed due to missing information on the depression scale. Finally, in 29 cases the
respondent did not answer the questions regarding the consultation of medical practitioners.
This left us with a final sample of 23,641 cases from 10 countries.

SHARE’s sampling method generally aims for representativeness of the community-
dwelling population ages 50 or older and their spouses of any age, in which both partners in
each couple speak at least one common language of the respective country. The
respondents who were interviewed in nursing homes result from panel follow-up or are
located in the few countries where population registers could be used for the sample
generation. The numbers and the degree of representativeness of the institutionalized
respondents were far from sufficient to allow us to include them in this analysis (Lynn et al.
2013). Although this is the case in most studies based on survey data, by excluding people
living in institutions such as nursing or retirement homes, the possibility of a healthy
elderly bias is introduced, as individual health and care requirements are among the main
reasons why people move to a care facility, stroke being a prime example (Schram et al.
2008). The number of nursing home beds per capita varies considerably among European
countries?, with Spain and Italy providing up to about 500 beds per 100,000 citizens, while
Sweden offers about triple that number. This results in shares of up to 10% of the older
population living in institutions, especially in the northern and western European countries,
while the institutionalization rates are very low in southern Europe. It is also important to
note that, as healthy individuals are more likely to participate in a rather lengthy survey
than health-impaired individuals or people of high ages, the potential problem of bias goes
beyond the population living in retirement homes. We aim to address this problem using a
control variable, as described below.

We used variables at the individual level as well as at the country level. For the
descriptive results in the following chapter as well as in Table 2, we categorized the regions
as follows: northern Europe includes Sweden, Denmark, and the Netherlands; western
Europe is comprised of Belgium, France, Austria, Germany, and Switzerland; while Spain
and Italy make up the southern European region. Results of chi*>-test for independence
between the northern, western and southern regions are shown in the last column of Table
2. First, we describe the variables set at the individual level, beginning with the dependent
variable: namely, the health outcome as measured by disability in the activities of daily
living (ADL).

2 See WHO European health for all database (HFA-DB) indicator 5100 at http://data.euro.who.int/hfadb/
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Table 2: Descriptive overview of included variables (% and 95% CI; chi? test for
independence between regions)

Northern Europe

Western Europe

Southern Europe

All regions

Chi? test statistic
p-value

ADL disability
no

yes

Stroke

no

yes

Age (categorized)
60 — 64

65 - 69

70 - 74
75-179

80 - 84

85+

Gender

female
male

Marital status

single/widowed
living with
spouse/partner

Living distance of closest

no (living) child
same household/
building
>1to5km

> 5 km

Multiple strokes
no

yes

Diseases

diabetes
hypertension
asthma
cataract
heart attack
cancer

Depression

no

yes

Other symptoms

no symptoms

1-2 symptoms

3 or more symptoms

90.6 [89.9 —91.2]
9.4[8.8-10.1]

95.1 [94,6 — 95,6]
4.9[4,4-54]

27.9[26,9 —29,0]
24.9[23,9-259]
18.0 [17,1 - 18,9]
13.0 [12,3 - 13,8]
9.3 8,6 - 10,0]
6.8[6.2-74]

53,2 [52,1 - 54,4]
46,8 [45.6 —48,0]

27,8 26,7 - 28.8]
7221712 -733]

child
7,6 [7,0 - 8,3]

19,8 [18,9 —20,7]
36,1 [35,0 - 37.2]
36,5353 — 37,6

99.4[99,2 — 99,6]
0,6 [0,4 - 0,8]

11,0 [10,3 - 11,7]
38,3[37,2 - 39,5]
1,5[1,2 - 1,8]
9.8 9,1 - 10,5]
13.9[13,1 - 14,7]
431[3,9-48]

82,7 [81,8 — 83.6]
17,3 [16,4 - 18,2]

29,9 [28,8 —31,0]
474 46,2 - 48,5]
22,7[21,7-23,7]

86,6 [86,0 — 87.2]
13,4 12,8 — 14,0]

95,2 [94,8 — 95,6]
48[4,4-52]

27,0 [26,2 - 27.8]
22,1 [21,4-22,9]
20,5[19,8 - 21,2]
14,0 [13.4 - 14,7]
10,0 [9,5 — 10,6]
6,3[5.8-6,7]

53,9 53,0 — 54.8]
46,1 [45,2 - 47,0]

30,9 [30,0 - 31,7]
69,1 [68,3 —70,0]

11,9 [11,3 - 12,5]

232[22,4-24,0]
32,1[31,2-32,9]
32,8 32,0 -33,7]

99,8 [99,7 — 99,8]
0,2[0,2-03]

12,7 12,1 -133]
400[391-409]
12[1,0-14]
12,3[117—129]
13,6 [13,0-142]
7,0 [6,6 - 7.5]

744 (73,6 -752]
25,6 [24,8 —26,4]

22.3[21,6-23,1]
47,1 [46,2 — 48,0]
30,6 [29,7 - 31.4]

84,1 83,1 - 85.2]
15,9 [14,8 - 16,9]

95,7[95,1 —96,3]
43[3,7-49]

23,3[22,2 - 24,6]
21,4 20,3 -22,6]
20,5194 -21,7]
17.216,2 - 18,3]
10,5[9,6 — 11,3]
7,063 -7.7]

532[51,8 - 54,6]
46,8 [45,3 — 48.2]

23,8 22,6 - 25.,0]
76,2 [75,0 - 77.4]

9,1[8,3 - 10,0]

48,9 [47,5 - 50,4]
29,8 [28,5 - 31,1]
12,1 [11,1 - 13.,0]

99,7 [99,6 — 99,9]
0,30,1 - 0,4]

18,4 [17,3-19,5
45,3 [43,8 -46,7

]
]
11,1 [10,2 - 12,0]
143[133-153]

43[3,7-49]
62,7[61,3 — 64,1]
37,3 [35,9-38.7]

21,1 [19,9 -22.2]
453 [43,9 - 46,7]
33,6 [32,3 - 35.,0]

87,3 [86,9 — 87.7]
12,7 12,3 - 13,1]

95,2 95,0 - 95,5]
47[4,5-5,0]

26,6 [26,0 —27,1]
22,822,323 4]
19,8 [19,2 —20,3]
14,4 [13,9 - 14,8]
9,9[9,5-10,3]
6.6[63—69]

53,6 [52,9 - 54.2]
46,4 [45,8 —47,1]

28,5 [28,0 - 29,1]
71,5 [70,9 - 72,0]

10,1 [9,7 - 10,5]
27,3 26,8 —27.9]
32,8[32,2 - 33.4]
29,8 [29.2 - 30,3]

99,6 [99,6 — 99,7]
0,4 10,3 -0,4]

13,3 [12,9-13.8]
40,5 39,9 - 412]
1,10,9-1.2]
113[109—117]
13,8 [13,4-143]
57054 -6,0]

74,5 [74,0 - 75,1]
25,5[24,9 - 26,0]

24,3 23,8 -24,9]
46,8 [46,2 —47,5]
28,8 [28.2 —29.4]

115,51
p<0,0001

2,73
p=026

104,40
p <0,0001

1,16
p=0,56

85,02
p<0,0001

1794,31
p <0,0001

17,21
p<0,001

143,29; p < 0,0001
59,22; p < 0,0001
66,46; p < 0,0001
26,63; p < 0,0001

1,33;p=0,52
81,15; p <0,0001

598,08
p <0,0001

275,08
p <0,0001
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Northern Europe Western Europe Southern Europe All regions Chi? test statistic
p-value
Education
low 40,5[39,3-41,6] 33,6[32,8-34,5] 80,7[79,5-81,8] 45,1[44,4-45]7]
average 26,7 [25,7-27,7] 38,6 [37,7-39,5] 10,1 [9,2-10,9] 29,3[28,8-29,9]
high 30,5[29,4-31,5] 26,2[254-27,0] 6,7[6,0-7,4] 23,6[23,0-24,1] 3440,25
missing 2,412,0-2,7] 1,6 [1,3-1,8] 2,5[2,1-3,0] 2,0[1,8-2,2] p <0,0001
Contacts with medical doctor in the past year
0 to 5 contacts 74,5(73,5-75,5] 54,6[53,7-55,5] 47,4[459-48,8] 59,1 [58,5-59,7] 1062,88
> 5 contacts 25,5[24,5-26,5] 45,4[44,5-463] 52,6 [51,2-54,0] 40,9 [40,3-41,5] p <0,0001
Area of building
city/suburbs/town 55,5[54,3-56,6] 31,6[30,7-32,4] 37,7[36,3-39,1] 40,0 [39,3-40,6] 1088,98
small town/rural 39,2 [38,0-40,3] 62,0[61,1 -62,9] 553[53,9-56,7] 53,8[53,2-544] p <0,0001

missing information 541[4,8-59] 6,4 6,0 -6,9] 7,063 -7.7] 6,259~ 6.5]

Source: own calculations

2.2 Health outcome: ADL disability

Since SHARE focuses on the aging population, it includes a rather extensive questionnaire
on self-assessed and physician-diagnosed individual health status, as well as a standardized
set of questions concerning the level of difficulty with activities of daily living. The ADL
disability indicator is a binary variable based on the following activities: dressing
(including putting on shoes and socks), walking across a room, bathing or showering,
eating (such as cutting up food), getting in and out of bed, and using the toilet (including
getting up or down). For each of these activities, the respondent is asked whether he has
any difficulties because of a physical, mental, emotional, or memory problem. Respondents
who admit to having limiting and longer-lasting difficulties in at least one of these activities
are classified as ADL disabled.

Although 141 respondents did not answer this set of questions, it was possible in 22 of
these cases to determine their ADL status using the item for self-perceived health as a
proxy. Respondents who chose the worst possible health rating were classified as ADL
disabled, whereas all respondents with a better than the worst self-rating were classified as
not disabled in daily activities. The remaining 119 cases with missing information on ADL
and self-perceived health were excluded.

Over all of the welfare regions, 12.7% of the sample reported having at least one ADL
disability. Broken down by region, the results showed that 9.4% of respondents in the north
had an ADL disability, compared with 13.4% in the western region and 15.9% in the
southern region.

2.3 Determinants of health

2.3.1  Socio-demographic information

We used a set of socio-demographic variables comprised of individual characteristics and
social support indicators as control variables for the multivariate analyses. They included
age as a categorical variable (in six age groups: 60-64, 65-69, 70-74, 75-79, 80-84, 85 and
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older) and binary variables for sex and partnership status (living as single or living with a
partner/spouse). Overall, 28.5% reported living as single, although the share was slightly
lower in the southern region, where 23.8% of respondents said they lived as single.

Education was used as a categorical variable grouped into low, medium, and high
educational attainment based on the International Standard Classification of Education
(ISCED-97) and a category for missing information. The lowest category includes
individuals who obtained basic education up to eight years without further vocational
training, or secondary education only. Respondents with secondary educational degrees
(mostly of the kind that serve as a qualification for enrolling in college or university) and
who had completed a vocational training course of about three years or more are classified
as being at the medium level. The highest category is comprised of all respondents whose
qualifications include a higher vocational degree or a college or university degree. If a
respondent obtained more than one educational degree, only the highest is considered. Over
all of the regions, the lowest category was the most common, with 45.1% of respondents
having a low level of education. Meanwhile, 29.3% had a medium level of education and
the remaining 23.6% had a high level of education. However, there were differences
between the regions. The northern countries had the highest and the southern regions had
the lowest shares of respondents with high educational status, of about 30.5% and 6.7%,
respectively. The findings further indicated that 80.7% of the southern subsample fell into
the lowest educational category, compared to 40.5% in the northern region and about
33.6% in the western countries.

The financial situation of each respondent is included as a three-fold categorical
variable. In cases of missing information, we used the average of the five imputations
SHARE provides for each respondent. The total values of financial reserves were split into
terciles separately for each country. Thus, we obtained a country-specific measure for each
respondent’s financial situation. While by design this variable did not lend itself to
descriptive inter-country or inter-regional comparisons, we found that, as expected,
respondents in the southern countries had lower financial reserve levels than respondents in
the other regions.

Another variable included in the categorical form was the distance to the closest living
child, with four possible values. These were no living child, a child who is co-resident in
the same household or building, a child living within a distance of between one to five
kilometers, and a child living more than five kilometers away. Overall, the most frequent
response was a child living between one and five kilometers away. A closer look reveals
that cohabitation was common in the southern countries, where 48.9% of respondents
reported that at least one of their children was living in their household or building. By
contrast, in the northern countries, this was the case for about 20% of respondents. In the
northern and western regions, the distance to the closest child was most likely to be greater
than five kilometers.

We also included a categorical variable containing information on the area in which the
respondent’s place of residence is located within the categories of city, suburbs, or larger
town; small town or rural area; and missing information. In total, a majority of respondents
were living in small towns or rural areas (53.8%), while 40% were located in cities, towns,
or suburban areas. The remaining 6.2% fell into the missing category.
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2.3.2  Health situation

We included a zero-one variable for stroke (respondent did not suffer a stroke vs.
respondent had one or more strokes, including cases with multiple strokes) and another
binary variable that indicated only the cases with multiple strokes. To collect information
on stroke as well as on the other chronic diseases, the respondents were asked whether a
doctor had told them they had or have the specific condition, and whether they are being
treated for or bothered by the condition.® Therefore, the data collected only covers
specifically diagnosed and/or treated conditions. In the case of stroke, the question referred
to stroke or cerebral vascular disease. Among the respondents who had suffered a stroke,
16% received help in answering the questions from another person present. Among the
remaining cases, about 4% received help. Overall, 4.7% of respondents had experienced at
least one stroke.

The frequency of medical consultations with a general practitioner or specialist
(excluding dentists) was included as a binary variable, separating zero to five contacts per
year from more than five consultations per year. In total, 59.1% of the sample fell into the
former category of up to five medical consultations per year. However, the frequency was
found to differ between the northern and southern countries. Just 25.5% of respondents
reported having six or more consultations in the northern countries, compared to 45.4% in
the western and 52.6% in the southern countries.

Also included were binary variables for diabetes (13.3%), hypertension (40.5%),
asthma (1.1%), cataract (11.3%), heart attack (13.8%), and cancer (all kinds, 5.7%) that
were analogous to the binary variable for stroke (all values over all regions).

In addition to these chronic diseases, we controlled for the number of symptoms of
other, less severe, ailments, like back, knee, hip, or joint pain; heart trouble or chest pain;
breathlessness; persistent cough; swollen legs; sleeping problems; (fear of) falling down;
dizziness; faints or blackouts; stomach or intestine problems; incontinence; and fatigue.
These symptoms were used as a proxy for the remaining overall health situation of the
respondent. This information was collected by asking the respondents whether they had
been bothered by any of those conditions in the six months prior to the interview. The
categorical variable distinguishes between respondents with none of these symptoms
(24.3%), those with one to two symptoms (46.8%), and those with three or more of these
symptoms (28.8%, overall values). On a regional level, the southern countries appeared
more often in the 3+ multi-morbidity category (33.6%) than the western (30.6%) and
northern (22.7%) regions.

Finally, we included a binary indicator for depression (indication or no indication)
based on the EuroD depression scale, using the cut-point suggested for EuroD of four or
more positives on the standard set of 12 EuroD items (respondent was asked whether he/she
had experienced the following within the last month/recently: sadness or depression,
pessimism about the future, suicidal thoughts, a tendency toward guilt, trouble sleeping, a
general lack of interest in things, an inability to maintain interest in things, irritability, a
lack of appetite, a decline in food intake, a lack of energy in general, an inability to
concentrate on entertainment or reading, a general lack of enjoyment, crying). While 25.5%

The wording of the question is as follows: “Has a doctor ever told you that you had/Do you currently have
any of the following conditions?” One of the listed conditions was “stroke or cerebral vascular disease”. In
case a respondent needed further clarification, he was told: “By this we mean that a doctor has told you that
you have this condition, and that you are either currently being treated for or are bothered by this condition”.
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of all of the respondents showed signs of depression, differences were found between the
regions, with 17.3% of respondents in the north showing signs of depression, compared to
over 25.6% in the west and up to 37.3% in the south.

2.3.3  Country level

To account for the exclusion of the institutionalized population from the SHARE sample, as
well as for the tendency of survey data to underrepresent the oldest age groups in general,
we compared the composition of the national subsamples from SHARE to national
population statistics (Eurostat, reference year 2010). First, the ratio of total population
(60+) to sample size (60+) was calculated for each country. Then, the country-wise sample
size was multiplied, with this factor split by age groups (60-64, 65-69, 70-74, 75-79, 80+).
This allowed us to calculate the percentage of divergence between the 80+ age group of the
SHARE sample we used and the total population of people ages 80 and above. This
measure should have accounted for the exclusion of institutionalized people, as well as for
other sampling losses. This variable was included as a percentage on the country level. We
chose to concentrate on the 80+ age group because they are the primary clientele for
nursing homes and are most likely to cause the sampling losses in the community-dwelling
population due to ill health and other reasons for non-participation. This group might
therefore influence our results. The lowest deviations were found in the Danish and Spanish
subsamples, where the 80+ age group was underrepresented by about 1.66% and 2.96%,
respectively. The greatest difference between the actual population and the sample was
found in Italy, where the 80+ age group was underrepresented by about 38%. This
contrasting result is quite surprising, given that Spain and Italy have the two lowest
institutionalization rates. Up to age 74, the differences are generally rather low, and SHARE
even tends to overrepresent the population between the ages of 60 and 69 in particular. The
values are shown in Figure 1, which also presents similar calculations for SHARE waves 1
and 2 to illustrate the progress of the SHARE sampling from wave to wave.

This deviation measure varied rather substantially between the SHARE waves, and
generally got smaller from waves 1 and 2 to wave 4. It is noteworthy that, especially
relative to wave 2, wave 4 achieved much better results in terms of the representativeness
of the 80+ age group in all of the countries except Switzerland.
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Figure 1: SHARE sample deviation from official population statistics, age 80 plus for

waves 1, 2 and 4

Sample deviation for ages 80+ by SHARE wave
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2.4 Methods

All descriptive statistics that are reported at the level of welfare regions — e.g., in Table 2
and the variables chapter — showed weighted results adjusted for national sample sizes.

To examine the national-level variation — that is, the effect of differences between
welfare regimes at the national level on stroke-related disabilities in activities of daily
living — we used binary logistic multilevel regression. In multilevel models, individuals on
the first level are grouped into countries on the second level. This allowed us not only to
examine the amount of inter-group variation, but also to account for the nested data
structure while controlling for the effects of all individual-level covariates on an
individual’s ADL disability status.

We used random effect models that included (a) a random intercept that allowed us to
examine the amount of between-country variation for overall ADL disability and (b) a
random slope component for the stroke variable. Therefore, all individual-level coefficients
except the coefficient for stroke were found to be fixed effects; i.c., the effect of all of the
individual-level variables but stroke were found to be the same for all countries in the
sample. The stroke effect was composed of the fixed effect for stroke, which is the same for
all countries as well, and the random part, which differs by country and was added to the
fixed effect to calculate the country-specific coefficient. This random slope component
allowed us to assess whether the effect of stroke on ADL varies depending on the country.
In all cases, the country acted as the second level that structures the individual cases into 10
groups. The difference between the de facto population distribution and the sample
population of the people ages 80 or older was included as a variable at the country level.
All other variables were included on the first (= individual) level. The Stata 11.2 routine
xtmelogit was used for all models.

This modeling approach results in the following regression equation for the log-odds
that y;; (individual i in group j) is ADL disabled:

P(y;;=1)
1-PQyy; =1

4y is the overall intercept or constant that stands for the probability P(y;; = 1) (ADL
disability for individual i in group j) in the case that x = 0 and u = 0; i.e., when all
individual- or secondary-level explanatory terms equal zero and the random intercept
component equals zero as well, as would be the case for a completely average country. In
short, the equation would be reduced to P(y;; = 1) = a,.

Ugj is the random part of the intercept for a given country, j and is added to the overall
intercept. Thus, due to the randomly varying value of u,;, each country has its specific total
intercept value. This is referred to as the group effect or random intercept.

On the individual level, a;; is the coefficient of the independent variable i and contains
the effect of a change of one unit in x;; on the log-odds that y = 1, but under the condition
that the group effect u is held constant (adjusted for). Thus, the value of the coefficient is
the same across all countries. This is the same as in a standard one-level logistic regression
model. This term would be replicated for all individual-level fixed effects in the model. For
the sake of conciseness, the equation only contains this term once.

The term u, jxy;; refers to the random slope part of the model that we use for the stroke
variable. Here, we add the random term wu,; to the independent variable x;;;. uy; is the
result of adding up the fixed part of the coefficient, as described above, with the group-

In = Qg + Uy jXq;; + 814 X155 + A%5 + Ug;
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specific random part. Thus, as was already described for the random intercept, the resulting
coefficient varies depending on the specific group j. Since the stroke variable is binary, this
term either equals zero (no stroke) or takes the country-specific value shown in Figure 2.
Again, the one in the subscript indicates that this term is set on the individual level.

Finally, the term &,x,; refers to the independent variable part at the second, or group
level of the model. This enables us to assess the effect of a group-level control, while still
including random effects to capture the effect of unobserved group-level variables. In our
model, we rely on a contextual effect when including the control variable for the divergence
of the 80+ years population the SHARE sample. The two in the subscript refers to the fact
that this explanatory variable is located at the second level; e.g., the percentage of
divergence has the same value for all observations in a certain group, as they are all situated
in the same country.

Our modeling strategy was as follows. In total, we presented three nested models. Due
to their multilevel structure, all models allowed us to assess the amount of country-level
effects on disability related to stroke, and related to all other characteristics except stroke.
Model I included the stroke dummy, age group, and gender. This basic model mainly
served as a starting point for quantifying the amount of variation present, and was also used
as a comparison for the following models to assess whether and to what extent the observed
variation between countries could be attributed to the characteristics that were included in
the following models. Model II added information on an individual’s education, financial
situation, the potential for intra-familiar support, and a basic distinction of the area of
residence. Here, our main intention was to assess whether the newly included variables
were able to reduce the variation of disability both related and unrelated to stroke. Model
IIT included all medical information, which we believed would contribute a major portion
of the variance reduction of disability not related to stroke (later on referred to as overall
between-region variation, OBRV). Since all of these variables were fixed effects, a
decrease in the OBRV from model II to model III would indicate that the distribution of
disability not related to stroke was rooted in the same determinants across all of the
European countries we investigated. In other words, a decrease in the OBRV may be
expected when the newly included variables are of explanatory power for most or all of the
countries in our data for the part of ADL disability not related to stroke. Furthermore,
model III included the group-level control for the sample deviation for the 80+ age group,
which we included to control for possible issues related to the overrepresentation of older
respondents who were not institutionalized and were otherwise healthy. This control was
only included in model III because it tapped into the same general dimension as the health
status variables.

All of the multilevel logistic regression models were run with ADL disability as the
binary outcome variable. All of the models included a random part for the intercept and a
random part for the stroke coefficient. Thus, all of the models allowed us to assess whether
(1) there were between-country differences in remaining unexplained ADL disability risk,
while controlling for cross-regional differences of the stroke effect; and whether (2) there
were between-country differences in the specific effect of stroke on ADL disability, while
controlling for all of the other causes of ADL disability, as well as for the confounders
included in the model.

For each of these models we showed the amount of remaining variation between the
countries regarding ADL disability, with the remaining variation indicating differences
between the countries, as was posited in the hypotheses. First, we included the overall
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between-region variation (OBRV), which is the variation of the random intercept, and
which can be interpreted as the amount of between-country variation in ADL disability not
related to the effect of stroke that is not explained by the other variables in our models. The
lower the value, the better suited the individual level variables were to explaining the
disability outcome, regardless of the European country in which the case was located. The
higher the value, the greater the differences that were found between welfare regimes in
ADL disability, despite the inclusion of the covariates. Second, we showed the stroke-
related between-region variation (SBRV), which is the amount of variance of the random
effect for the stroke coefficient. The SBRV showed whether and to what degree the isolated
impact of stroke on ADL disability differed between countries, after controlling for all of
the other variables in the respective model. The higher the value, the greater the differences
in the strength of the stroke impact on ADL disability between the countries we
investigated; while a low value indicated that stroke had the same effect on disability in all
of the countries we observed, and could also be included as a fixed rather than a random
effect.

As we added covariates to the models, comparing the amount of remaining variation
allowed us to assess whether a certain block of variables was able to explain a change in the
remaining variation. For instance, if additional health indicators were found to reduce the
OBRV of ADL disability, it could be argued that health indicators were important
determinants of disability in all of the European countries we observed.

To measure the extent to which an individual’s overall odds for ADL disability
(including the main effect of stroke) were determined by his country of residence in a way
that allowed for a comparison of the strength of the individual covariates, we used the
median odds ratio (MOR). This measure is based on the OBRV (Merlo et al., 2006) and
allowed us to intuitively quantify the strength of contextual influences in the usual and
easily interpretable odds ratio format. However, the MOR only showed the strength of the
effect of between-country differences on ADL disability without incorporating the country-
specific random part of the stroke effect. To assess if and how the impact of stroke differed
between the countries, the direction and strength of each country’s random effect of stroke
on ADL disability are shown in the discussion of model III.
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3 Results

Table 3: Odds of ADL disability. Individual and group level variables. Odds ratios and 95%
CI from multilevel logistic regression.

Model I Model IT Model III
Odds of ADL disability (no social context, no medical, (no medical, stroke random | (all ind., stroke random effect,
stroke random effect) effect) deviation 80+)
Covariates
Individual level OR p 95 % CI OR p 95 % CI OR p 95 % CI

Stroke [ref: no stroke]| 3,83 0,000 2.87-5,12 | 3,76 0,000 2,84-498 | 2,25 0,000 1,70-2,99
Age group [ref: 60 — 64]
65-69 1,21 0,010 1,05-1,40 1,21 0,012 1,04-1,40 | 1,11 0,200 0,95-1,29

70-74 1,78 0,000 1,55-2,04 | 1,73 0,000 1,51-2,00 | 1,47 0000 127-1,70
75-79 2,55 0,000 222-293 | 236 0,000 2,04-272 | 1,8 0,000 1,60-2,16
80-84 4,82 0000 4,19-553 | 4,33 0,000 3,75-5,00 | 3,18 0,000 2,73-3,72

85+ 842 0,000 7,28-9,76 7,07 0,000 6,05-826 | 5,16 0,000 4,37-6,10

Gender [ref: female]
male| 0,8 0,000 0,74 -0,87 091 0,032 0,.83-099 | 1,25 0,000 1,13-1,37

Partnership

[ref: single/widowed]
living with partner] 0,83 0,000 0,76-091 | 0,88 0,014 0,80-098
Distance to closest child|
[ref: > 1 to 5 km]

no (living) child 1,09 0206 095-126 | 1,09 0272 094-126
same household/building| 1,09 0,122 0,98-1,21 1,15 0,016 1,03-1,28
> 5 km| 095 0324 085-1,05 | 09 0435 085-1,07
Educational level [ref: low]
average| 0,84 0,002 0,75-094 | 0,92 0,151 0,82-1,03
high 0,64 0,000 0,56-0,73 | 0,72 0,000 0,63 -0,82
missing information 09 0,500 0,66-123 | 0,87 0426 0,63-1,22
Financial reserves [ref: low]
average| 0,69 0,000 0,63-0,76 | 0,78 0,000 0,70 - 0,86
high| 0,56 0,000 0,50-0,62 | 0,66 0,000 0,59-0,74

Area of residence|
[ref: City/suburbs/town]

small town/rural 1,03 0,449 094-1,13 1,08 0,113 0,98-1,19

missing information| 1,43 0,000 1,20-1,71 1,45 0,000 1,20-1,76

Multiple strokes [ref: no] 2,13 0,012 1,18-3.85
[ref: disease no I;resent]

Diabetes| 1,43 0,000 1,28-1,60

Hypertension| 0,95 0,283 0,87 -1,04

Asthmal 1,14 0,428 0,83-1,55

Cataract 1,04 0463 093-1,17

Heart attack 1,05 0,375 0,94-1,17

Cancer 1,17 0,047 1,00 -1,37
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Model I Model IT Model I1I
Odds of ADL disability (no social context, no medical, (no medical, stroke random | (all ind., stroke random effect,
stroke random effect) effect) deviation 80+)
Other symptoms
[ref: no symptoms]
1 — 2 symptoms| 3,38 0,000 2,73-4,18
3 or more symptoms 9,72 0,000 7,85-12,05
Contacts with medicall
doctor [ref: 0 — 5 contacts]
> 5 contacts| 1,49 0,000 1,35-1,63
Depression|
[ref: no depression] 2,24 0,000 2,05-246
Group leve
Deviation age|
80+ p. Y%-point 1 0,646 0,99 - 1,01
N = 23641 N = 23641 N =23641
Overall between region
variation (OBRYV) 0,12 0,11 0,045
Median Odds Ratio (MOR) 1,39 1,37 1,22
Stroke between region
variation (SBRV) 0,16 0,15 0,14
Log likelihood -8208 -8064,45 -7006,04
Significance (likelihood ratio
test) 0,0000 0,0000 0,0000

Source: own calculations

The baseline model I that included age, stroke, and gender produced the expected results
(Table 3). Stroke increased disability risk almost fourfold (OR=3.83, p<0.001). Disability
risk also significantly increased with age (OR=1.21, p=0.01 for age 65-69, up to OR=8.42,
p<0.001 for ages 85+). In this basic model, men had a lower ADL disability risk than
women (OR=0.8, p<0.001). The between-region variation for overall ADL disability had a
moderate value of 0.12 and a corresponding median odds ratio of 1.39. This indicated that,
when controlling for stroke, sex, and age, the OBRV was roughly comparable to the age
effect for people ages 65-69 compared to the reference category (60-64). Of special interest
was the extent of the SBRV. With a level of 0.16, this variation was higher than the OBRV
(0.12). The country-specific direction and the strength of this effect are shown in more
detail in the discussion of model I1I.

In model II, we included variables concerning household composition, education,
financial assets, and area of residence. The stroke effect remained nearly unchanged in
strength and direction (OR=3.76, p<0.001). Introducing an indicator for the relative
household wealth yielded the expected results across all regions: more financial assets were
associated with lower ADL disability risk. This finding supports claims that socioeconomic
inequalities translate into health outcomes for all of the European welfare regime types.
Similarly, when controlling for partnership status and education level, the analysis showed
that the presence of a spouse or partner reduced disability risk. Having a higher educational
level had the same effect, a result which also supports the claim that socioeconomic
resources translate into health status. The partnership variable suggests that having a partner
may have a positive influence, as it could indicate the presence of a potential care giver or
that more attention is given to having a healthy lifestyle due to tighter social controls.
However, introducing a variable containing information on the spatial distance of the
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closest child indicated that, without controlling for individual health characteristics, which
certainly play a role in the demand for intergenerational, intra-familiar care and support
arrangements, the results were not significant. It should also be noted that the missing
category for the variable indicating the area of residence showed a significant increase for
ADL disability risk, whereas no difference between urban and rural areas emerged. Since
there was no further information that might help us to identify what led to the missing
information, no specific explanation can be offered at this point. Turning to the group level,
we can see that both the OBRV and the SBRV remained basically unchanged. This
indicates that beyond the basic socio-demographic and socioeconomic characteristics,
other, yet unobserved factors that are heterogeneously distributed among European
countries affect disability outcomes.

Model III further expanded the model with a block of individual-level health-related
variables. These included the number of medical consultations and depression, as well as a
list of specific chronic diseases and the number of additional symptoms related to other,
less severe ailments. This reduced the effect of stroke on disability, although it still
remained an influential predictor of disability (OR=2.25, p<0.001).

Not surprisingly, depression was found to be associated with a higher risk of ADL
disability, with the causality potentially going both ways; i.e., depression may cause
disability, but the need to adapt to disabilities can also put a strain on psychological well-
being. The same could be said about the presence of further symptoms in addition to the
covered chronic diseases. In particular, individuals who were burdened with a number of
other physical limitations saw a big increase in their disability risk. This finding indicates
that this variable captured residual aspects of individual health status, justifying its presence
in the model alongside the other, more specific medical status variables. Another significant
predictor for ADL disability was the number of medical consultations. The more
consultations that were reported, the higher the associated ADL disability risk was. Thus,
this variable captured the overall medical status from the perspective of demand due to
present morbidity. Most of the variables that were already included in the previous model
were still significant and exhibited effects in the same direction. Age remained an
influential predictor (especially in the older age groups), although the strength of the age
and stroke effects was clearly reduced somewhat by the newly introduced medical
variables. This indicates the disability-promoting effects of rising morbidity prevalence in
older age groups and the possible comorbidities of stroke. The positive effect that the
presence of a partner or spouse exhibited on ADL disability remained even after controlling
for all of the covariates. Unlike in the previous model, we could see a change in the variable
concerning the distance of the closest child. Compared with having the closest child living
between one and five kilometers away from the parents’ place of residence, the co-
residence of at least one child was associated with a higher risk of ADL disability. It is
unlikely that the presence of the child actually caused ADL disability; instead, the parent
and the child may have been living together because the parent needed the support. After
the individual medical status had been accounted for, this effect emerged in the model. It
could also be argued that the presence of potential caregivers and the acceptance of their
support might lead people to more readily admit their difficulties in performing certain
tasks of daily living. This might be the case especially in southern countries, where co-
residence is a far more common pattern than in the other regions in our sample (Albertini
and Kohli 2013). However, since this effect only appeared after the morbidity indicators
were included, the first interpretation seems more likely. Also of interest was gender:
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controlling for individual health status reversed its effect on ADL status, and indicated that
males were subject to higher ADL risk than females. The categorical variable for
educational level only showed a significant effect for the highest category, which suggests
that some degree of variation in health-sensitive behavior associated with higher education
was manifested in the health situation variables. The positive effect of greater affluence on
our outcome remained mostly unchanged, with the coefficients getting only a little closer to
one, which supports the assumption that the redistributive efforts of European welfare
policies did not manage to neutralize the effects of wealth on health outcomes. The controls
for other chronic diseases showed that only diabetes and cancer significantly increased the
risk of ADL disability, but not as strongly as stroke. The general absence of substantial
change between the models indicates that even when we take into consideration individual
indicators — such as education, affluence, morbidity, psychological status, or family
support — age and living situation are still the most important factors in ADL disability.

Introducing the medical variable block reduced the OBRV to 0.045 (MOR 1.22), while
the SBRV remained almost unchanged, dropping by only 0.02 compared to the basic
model. This indicates that even when controlling for individual demographic,
socioeconomic, and health characteristics, a strong independent effect of country on the
consequences of stroke for ADL disability exists. This remaining variation could be
attributable to genuine health care system effects.

The last model also introduced a control at the group level: the underrepresentation of
the 80+ age group in the SHARE sample. In sensitivity analyses using data from wave 1
and wave 2, this control exhibited a significant effect in the expected direction: the higher
the underrepresentation of older people in a certain country, the lower the ADL disability
risk. For wave 4, the significant effect disappeared, reflecting the better overall
representation of older age groups in wave 4 compared to previous waves. A detailed
discussion of the representation of individuals in the highest age groups can be found in the
variables chapter. Alternatively, we used an indicator containing data on the relative
number of nursing home beds, which represents only a portion of the potential sampling
bias. The results (not shown) were the same as for the ages 80+ deviation variable. Both
variants suggest that, relative to data from previous waves, wave 4 data provide the best
representation of the whole age spectrum in our analysis on ADL disability.

Overall, model III further reduced the between-region variation in the overall levels of
ADL disability between countries. A MOR of 1.22 remained, which indicates that for all
ADL causes except stroke, a certain degree of variation between national welfare and
health care regimes remains. However, the between-region variation for the stroke random
effect was unchanged compared to the previous model, which indicates that even when the
possible healthy elderly or other angles of bias introduced by different levels of
institutionalization, health-related sample exclusion, or non-response were considered, the
differences in the effects of stroke on ADL disability continued to be large between the
countries in our sample.

Finally, we will look in detail at the random effect of stroke in order to assess whether
and how the different welfare regions perform and potentially cluster together.
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Figure 2: Total odds ratio for stroke by country, based on random effect component
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Source: SHARE wave 4, own calculations

Figure 2 shows the country-specific random effect of stroke as country-specific odds ratios.
Italy and Spain are at the top, with odds ratios of 3.95 and 3.07, respectively, which
indicates that stroke had the most severe impact on ADL disability in these two countries.
In Italy, the effect of stroke was nearly twice as big as in the western countries. Differences
within the western European region were virtually nonexistent. Austria, Germany, France,
Switzerland, and Belgium neatly cluster together in a range of between OR=2.31
(Switzerland) and OR=1.72 (Belgium), with only Belgium achieving an odds ratio
somewhat lower than that of the other countries. The northern European group was mixed
in terms of stroke impact. While Sweden achieved the lowest odds ratio by far, with 1.19;
the Netherlands, with OR=2.26, appears to fit better in the western European cluster.
Denmark’s result (OR=2.77) was even closer to Spain’s result than to that of any other
country in the northern group, a finding which also demands interpretation.

4 Discussion

This is the first study investigating the country-level differences in Europe of the effect of
stroke on the development of disability in the activities of daily living. Previous studies
concerned with differences between welfare regimes in health outcomes have not looked
into the disabling impact of a single disease, but have mostly approached the subject from a
population health perspective (Brennenstuhl et al. 2012). Our study was the first that
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investigated the disabling impact of stroke from a quantifiable comparative perspective,
while controlling for other causes of disability. This study produced two main findings
regarding the influence of different welfare regimes on disability in daily living activities.

First, we showed that the impact of stroke on ADL-disability differed markedly
between the ten countries mostly along a north/south gradient. Second, we noted that the
impact of other diseases related to disability was much more uniform across Europe and
was not comparable to the degree of difference we observed for stroke.

The differences in the impact of stroke on disability mostly corresponded to
geographical regions, especially for the western and southern European countries. The
southern region consisting of Italy and Spain yielded the worst ADL-outcomes for stroke
cases. The western countries of Belgium, France, Germany, Austria, and Switzerland were
intermediate. Our results indicated that the latter group should definitely include the
Netherlands, which was more similar to the western countries than to Sweden or Denmark.
The results for the northern group were decidedly mixed, as Sweden performed best and
Denmark was more similar to Italy and Spain than to Sweden or the western countries.

Regarding health care regime research, we can see that countries with low scores on access
restriction measures (that is, a high degree of freedom of choice) (Reibling and Wendt 2010, p.
449) generally had low values in the stroke-specific effect on ADL disability. Countries like
Denmark, Spain, and Italy have policies that greatly restrict access to specialists, while the
western countries generally have more liberal policies (Wendt, 2009). The only outlier in this
regard is Sweden, which also greatly restricts access to doctors. Countries with good results
regarding the disabling impact of stroke generally also provide a good measure of outpatient
care and low out-of-pocket copayments (Ibid.). Thus, health care regimes that provide direct
specialist access at a relatively low price to the individual were found to have less stroke-
related disability than countries with more highly regulated approaches. Indeed, Spain and Italy
were the countries with the highest shares of private copayments to total medical expenditure
per capita, and they were also the countries with the lowest financial household reserves - a
combination that might discriminate in particular against older people with even fewer
financial resources than those of working age. With its highly regulated and partly privatized
medical sector, which has often been described as a type of late national health service (Ferrera
1996), this system seems less suited than other European systems to providing adequate
recovery and disability-mitigating long-term care for stroke patients.

Overall, the question of whether there was an independent effect of the welfare regime
on the disabling effects of stroke could be answered in the affirmative. Additionally, we
found that, with the exception of Denmark, the strength of the disabling effect of stroke
followed a north/south gradient in which Sweden showed the best outcomes, the western
countries ranked in the middle, and southern Europe saw the largest increases in the
disability risk for stroke cases.

The fact that Denmark fared badly, especially in relation to Sweden, is of interest as well.
This might be explained at least to some degree by consulting a study by Leys et al. on the
quality of stroke care provided in European hospitals. Based on primary data from an
independently conducted survey among more than 800 European hospitals involved in acute
stroke care, they concluded that as of 2005, Danish hospitals were not well equipped or very
good at handling the immediate treatment of stroke patients. This suggests that the fast
response needed to counteract the lasting consequences of stroke has not been adequately
provided in Denmark. Except for Norway, no western, southern, or northern European
country scored as low as Denmark regarding stroke care capabilities (Leys et al. 2007).



46 Alexander Barth, Gabriele Doblhammer, Dorly J. H. Deeg

The second main finding concerned the between-country inequalities of the ADL
disability not linked to stroke. The remaining impact of specific welfare systems in the
saturated model III was very low, and was even insignificant for between-country
differences. Thus, it could be argued that, even using fixed effects for all other health-
related variables in the model, the health care regimes included in this analyses produced
similar outcomes in that these individual-level predictors managed to reduce the remaining
between-country variance to a very low level. This suggests that the hypothesis of
convergence in a broader sense of the output side of European health care subsystems (at
least in terms of ADL disability as a health outcome measure) was supported by our
findings. This also indicates that differences in population health in Europe are, stroke
excluded, largely due to within-country variations in relevant determinants of health, such
as socioeconomic resources. Compared to stroke-related ADL disability, this suggests that
there is a more indirect effect of the welfare regime through its redistributive measures on
determinants of health than a direct effect of health care systems on disability outcomes in
the case of stroke patients.

Looking at the fixed effects in the models, we can note that even in model 111, the effect
of household financial assets remained significant and unchanged in strength. This also
supports claims like those made by Mackenbach (2012), who observed that socioeconomic
inequalities translate into health outcomes independent of the welfare region. In our model,
the fixed effects shown for socioeconomic stratification support this assertion: over all of
the countries considered, the risk-reducing effect of relative wealth was shown to persist.
The findings for the effect of education were similar: having a high level of education was
found to reduce the risk of disability in all 10 countries. Regardless of the specifics of an
individual’s health status, the availability of support, companionship, or a caregiver was
generally positive, although this was not the only causal pathway. It can also be argued that
a partner provided more incentives to engage in physical activity, and also acted as a social
control on individual risk behavior (Alber 2005). Socioeconomic stratification translated
into ADL disability health outcomes in the same way, regardless of where these inequalities
were found. In addition, the distinction between urban and rural areas remained significant
as a fixed effect in the final model. Thus, for the ADL disabilities not related to stroke, it
mattered little in which country an individual lived. In general, these findings can be
interpreted as another sign of convergence in the process aspect of health care systems, not
only in terms of input, as measured in total health expenditure; but also in terms of
differences in health outcomes between health care systems when certain socio-
demographic, economic, and health-related indicators are combined, such as those
measured in ADL disability.

Limitations and alternative model specifications

It could of course be argued that some of those fixed effects might have turned out to vary
between countries if the model had allowed them to. To account for this possibility, we
performed a series of sensitivity analyses with alternative model specifications.
Specifically, we tested whether stroke or other independent individual-level variables had
the biggest influence on the reduction of the remaining between-region variation. To do
this, we allowed the effects of variables other than stroke to vary across countries. The
results showed that gender, partnership status, the frequency of consultations with a
medical practitioner, the number of other symptoms, all other chronic diseases, and
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depression did not exhibit as much between-region variation as stroke. In other words, the
between-country variation of the random effects of all of those variables was generally
much smaller than the variation of the random effect for stroke, often by an order of
magnitude. This indicates that these predictors had basically the same effects in direction
and strength across all of the countries in our sample, which justifies specifying them as
fixed effects. While stroke proved to be a powerful predictor as a fixed effect, it was
especially useful when it was allowed to vary between regions, as it was able to explain
much more of the remaining between-region variation, and to shed light on how different
welfare regions cope with the disabling consequences of this disease. This was not,
however, found to be the case when we specified other individual-level predictors as
random effects. In other words, for the other chronic diseases or determinants like wealth
and education, very small differences between the countries were found to be present.
Generally, however, and especially compared to the much bigger between-country
difference of the stroke effect, these results support the general statement that the health
care regimes within the European welfare systems are moving closer together in terms of
the association between certain determinants like chronic diseases and ADL disability, with
the exception of the impact of stroke on disability.

Another potential criticism of our study might be the use of stroke as a central variable.
Stroke is somewhat different from the other medical indicators in our model, in that there is
a relatively high mortality risk associated with stroke (Doblhammer et al. 2012). Thus, it
might be argued that the observed difference in the stroke effect between countries is
actually a difference in stroke-specific (or general) mortality. To assess this claim, another
aspect of our sensitivity analyses consisted of including the percentage of mortality
underestimation in SHARE as another variable on the group level. If different levels of
stroke mortality had a significant influence, we would expect the amount of between-region
variation of the stroke random effect to diminish. This was not the case, as it remained at
the same value as before.

To further validate our results, we also replicated the models for samples from SHARE
waves 1 and 2, with each producing results similar to those of wave 4 in terms of the effects
of stroke on disability and the clusters that result from the country-specific coefficient. The
most distinctive difference found was the effect of the group-level control for the
underrepresentation of individuals ages 80+, which gained in significance and had a
marginal impact when using data with a higher percentage of sample deviation. Overall, the
reported results on older age disability status, both those related to stroke as well as in
general, were supported by data from 2004 to 2011.

Finally, we were unable to include a point made by researchers like Minicuci et al.
(2004), who argued that cultural influences — like differences in the definition of what actually
constitutes a disability, or differences in tendencies to admit to or even to pretend to have a
certain level of disability — contribute to the differences found in the overall shares of
disability, or to the relative impact of certain conditions on disability between European
regions. Factors such as varying individual definitions of disability or motivations to admit to
having a disability are difficult to measure, and cannot be derived from SHARE data.

In addition, unobserved characteristics that might systematically cluster on the national
population level, e.g. certain patterns of physical activity or lifestyle attitudes related to
health, might influence the results. This is also true for contextual factors such as the
availability of infrastructure for sports or community activities that can have an impact on
health.
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As with most empirical studies, a certain amount of unobserved heterogeneity always
remains. However, given the magnitude of the stroke-related differences in the impact on
disability that we found, it is unlikely that any one of these factors is responsible for all of
the differences shown. It is more likely that on the whole, the impact of stroke on disability
might have been a little higher in the north and a little lower in the south, but that the
regional clustering in terms of the effect of the stroke would remain generally unchanged
even when further expanding the model.

Given these findings, we would argue that, if the policy intention is to reduce overall
health inequalities in Europe, policy makers should focus on the socioeconomic inequalities
that are significant for health outcomes. If, however, the aim is to reduce the problem of
stroke-related disability, policy makers could start by focusing on the health care system. In
particular, the large increase in the risk of disability associated with stroke in the southern
European countries points to the need for intervention, at both the level of acute treatment
and the level of the treatment and care of stroke survivors. By identifying countries in
which stroke patients face a relatively low disability risk, we provide a starting point from
which the work of adapting good practice examples can begin. An effort to reduce the wide
disparities in the impact of stroke on functional disability within Europe could thus help to
eliminate a portion of the costly disability burden faced by aging European societies and
welfare regimes in the coming decades.
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Spatial patterns of dementia prevalence and its vascular risk
factors in Germany

Gabriele Doblhammer, Thomas Fritze, Stefan Teipel

Abstract

This is the first study that explored spatial patterns in the prevalence of dementia in
Germany. Results about sub-national differences in other countries have been inconclusive.
We used health claims data from the largest public health insurer in Germany for ages 65
and above in the year 2007 consisting of 1,338,462 persons. Dementia diagnosis was
defined according to ICD-10 codes G30, G31.0, G31.82, G23.1, F00, FO1, F02, F0O3, and
F05.1. We distinguished 95 regions according to the 2-digit postal code of the place of
residence.

Using meta-regression models we found significant geographical differences in the age
standardized prevalence of dementia. Dementia prevalence was higher in East than in West
Germany. In East Germany the prevalence declined from the north to the south, in West
Germany the prevalence was low in the north and particularly high in the north and eastern
regions of Bavaria. The regional prevalences of dementia were significantly correlated with
the regional prevalences of the three major vascular risk factors hypertension,
hypercholesterolemia, and diabetes. Together the regional variation in the three risk factors
explained about 50% of the regional variation in dementia prevalence.

The relationship between vascular risk factors and dementia has been repeatedly
demonstrated on the individual level. Our results confirm that this relationship also exists
on a regional level. We conclude by discussing possible limitations of the data and how
they might bias the results.

1 Introduction

Dementia is one of the most common, yet incurable, diseases at old age. In Germany,
dementia prevalence doubles about every 5 to 6 years from about 2% at age 65 to 30% -
40% at ages 90 to 100 (Doblhammer et al. 2013). After cardiovascular disease, cancer and
cerebrovascular disease it is the fourth most common cause of death (Bickel 2003) and it is
a major predictor of death (Baldereschi et al. 1999). Dementia is one of the most costly
diseases at old age, primarily due to the high demand for care (Leicht et al. 2011).
Information about prevalence and incidence of dementia in Germany at the population level
has only recently become available (Doblhammer et al. 2012). However, no information
exists about spatial patterns in the prevalence, with the exception of a study that showed
higher prevalence in East than in West Germany (Ziegler and Doblhammer 2009), as well
as a study that reported prevalence at the level of states (Doblhammer et al. 2012).
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The knowledge about spatial variation in dementia prevalence can help to identify
socioeconomic determinants of dementia risks, it may support etiological investigations
(Steele and McGeer 2008) and it is important for policy makers when dealing with the
consequences of the disease for the health care system in general and the long-term care
system in particular. Thus a series of studies have tried to establish the existence of sub-
national variation in dementia prevalence.

A recent meta-study suggests a geographical clustering of dementia rates in terms of
rural and urban living-circumstances in developed countries (Russ et al. 2012). Rural living
at old age increased the risk of dementia, particularly Alzheimer’s disease. Early-life rural
living seemed to exacerbate this risk. Most evidence, however, is based on the comparison
of dementia across studies that contrast geographical locations such as urban and rural
areas, or different countries (Jorm et al. 1987; Ineichen 2000; Fratiglioni et al. 1999). As
Russ et al. (2012) pointed out in their comprehensive review of geographical differences in
dementia, these studies are difficult to compare since different diagnostic criteria or
differences in their operationalization may bias the results. Single studies exploring the
geographical distribution of dementia prevalence are, however, still rare and results are
inconsistent (Russ et al. 2012). Two Canadian studies did not find differences in dementia
prevalence across Canada (Canadian Study of Health and Aging Working Group 1994;
Heébert et al. 2000; Manfreda 1995) but suggested the existence of regional differences in
dementia subtypes. US-studies found regional differences in Alzheimer’s disease
prevalence (Steenland et al. 2009; Laditka et al. 2006a; Laditka et al. 2008; Laditka et al.
2006b), in Puerto Rico dementia prevalence varied between the eight regions (Figueroa et
al. 2008), in China a north-south gradient as well as a weaker east-west gradient existed
(Zhang et al. 2005; Zhang et al. 2006). Differences in dementia prevalence were also found
in Spain and Finland (Russ et al 2012), as well as in the eastern and western part of
Germany (Ziegler and Doblhammer 2009). On the contrary, a study that used identical
methodology in five different sites across the United Kingdom did not find evidence of
geographical variation in dementia incidence (Matthews et al. 2005). Studies comparing
geographical variation in dementia deaths found marked regional differences in dementia
and AD mortality in the US (Gillum et al. 2011), in Australia (Jorm et al. 1989), and in AD
mortality in Japan (Imaizumi 1992).

Vascular risk factors have been identified as major risk factors of dementia (Breteler,
Monique M. B. 2000; Forette et al. 1998). Thus, regional variation in dementia should
reflect regional variation in these risk factors which vary across Europe and within
European sites (Day et al. 1999). Matthews et al. 2005, however, did not find evidence that
regional variation in vascular risk factors was correlated with dementia incidence. Also
regional variation in Alzheimer’s disease mortality in the US (Gillum et al. 2011) appeared
not to be correlated with mortality from cardio-vascular disease.

Our study aimed to explore spatial differences in the prevalence of dementia in
Germany and to analyze regional correlations with the three major vascular risk factors of
dementia, namely hypertension, hypercholesterolemia and diabetes.

Hypertension is one of the most important risk factors of stroke and coronary heart
disease, and of vascular dementia (Breteler 2000); the link with Alzheimer’s disease is less
clear. Longitudinal studies showed that Alzheimer’s disease was correlated with increased
systolic and diastolic blood pressure ten to 15 years before the onset of the disease (Slooter
and van Duijn 1997). On the contrary, cross-sectional studies reported that lower blood
pressure was associated with lower cognitive performance or dementia (Kontula et al. 1995;
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Lee 1994; Skoog et al. 1996). Breteler and others pointed out that over a long time period
hypertension might indeed increase the risk of Alzheimer’s disease, but prior to the clinical
onset of the disease blood pressure level start to decline, and decline even further with
further progression of the disease (Qiu et al. 2005; Skoog and Gustafson 2006). There is
even evidence for an association of midlife hypertension with pathological hallmarks of
Alzheimer’s disease upon brain autopsy (Petrovitch et al. 2000). Gorelick (2004) assumed
that treating hypertension might be the most promising long-term intervention to reduce the
risk of vascular dementia and possibly of Alzheimer’s disease. Both longitudinal and cross-
sectional studies showed that diabetes increased the risk of Alzheimer’s disease while the
mechanisms are not entire clear, yet (for an overview see Breteler 2000; Gorelick 2004).
Plasma cholesterol levels may influence the risk of Alzheimer’s disease in relation to the
APOE4 gene, which is a major risk factor of both, Alzheimer’s disease and of increased
plasma cholesterol, low-density lipoprotein levels, atherosclerosis, and cardiovascular
disease (for an overview see Breteler 2000; Gorelick 2004).

Based on above findings we hypothesized that dementia prevalence in Germany differs
between geographical regions. Following the distribution of vascular risk factors, the
prevalence of dementia should be higher in East than in West Germany and should differ
within these two regions. We used health claims data from the largest public health insurer
in Germany. Given the large number of observations we were able to explore variation in
dementia prevalence across 95 regions across the whole of Germany defined by the two-
digit postal code (PC). To our knowledge this is the first study that explored spatial
variation in dementia prevalence in Germany.

2 Data and methods

We used claims data of the AOK (Allgemeine Ortskrankenkasse), the largest public health
insurance company in Germany which covers about one-third of the total population aged
50+, and more than 50% among the oldest-old. The claims data include complete records of
the inpatient (§ 301 (2), SGB V) and outpatient treatment (§ 295 (2), SGB V) received by
each insured person with at least one day of insurance coverage by the AOK. The data are
compiled on a quarterly basis, and include all plan members, regardless whether they
sought medical treatment or not. Diagnoses may stem from both outpatient and inpatient
treatment and are coded according to the 10™ Revision of the International Classification of
Diseases and Related Health Problems (ICD-10). A detailed description of the data, its
advantages and disadvantages, can be found in the chapter of Fink in this issue.

An age-stratified sample of all insured persons aged 65 and above in the first quarter of
2007 was drawn which consisted of 1,338,462 persons. These individuals were followed
over the four quarters of the year 2007. Dementia was defined by the ICD numbers G30,
G31.0, G31.82, G23.1, F00, FO1, F02, FO3, and F05.1. We did not further distinguish
dementia according to etiology. All plan members of the sample with at least one insured
day in 2007 and with a dementia diagnosis were defined as prevalent dementia cases
measured in person-days. The nominator of the prevalence was thus defined as the number
of days with a valid dementia diagnosis. Since data were on a quarterly basis, each quarter
with a valid dementia diagnosis contributed 91.25 days. In case of the event of mortality or
of the exit from the AOK the number of days of the quarter until the event was taken. The
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population at risk, the denominator of the prevalence, was also based on the stratified
sample and contained the number of AOK-insured person-days. Both prevalent dementia
cases and the population at risk were aggregated by sex, age, and the place of residence. All
calculations were based on insured person-years derived from the person-days. Over all
insured individuals aged 65 and above the 467,834,506 insured person-days at risk
amounted to 1,281,738 insured person-years at risk (Table 1).

The place of residence was defined by the two-digit level postal code. These are 95
regions with a minimum of 1,459, and a maximum of 33,297 insured person-years. The
age-specific prevalence of dementia at age x in region i were calculated by:

insured person — years with dementia diagnosisy;

Prevalenceyx; =
total insured person — yearsy;

The estimation of the prevalences of the vascular risk factors diabetes, hypertension and
hypercholesterolemia followed the same procedure. Diabetes mellitus diagnoses were based
on ICD-10 numbers E10 to E14, hypercholesterolemia on E78.0, and hypertension was
identified based on ICD-10 numbers 110 to 113, and 115.

Table 1: Number of exposures (population at risk) and cases (in person-years) by 1-digit
postal code in 2007, ages 65+

1-digit Exposures Cases

postal code Dementia ~ Hypertension Hypercholesterolemia  Diabetes
0 179,039 17,609 124,876 23,639 57,701
1 130,111 14,319 92,411 19,404 41,357
2 116,527 9,689 71,479 20,094 26,604
3 143,865 12,920 93,754 25,950 37,727
4 106,619 9,100 65,793 21,899 26,381
5 110,219 9,157 68,519 21,054 27,119
6 99,991 8,765 63,298 18,953 26,966
7 145,265 11,792 88,266 30,050 35,732
8 111,716 9,751 67,615 25,077 28,331
9 138,386 13,295 93,214 30,812 42,793
Total 1,281,738 116,397 829,225 236,932 350,711
Minimum 1,459¢20 102P€20 862720 250FC20 336720
Maximum  33,2977¢9  3375FC0 23,6717¢9 5,284¢ D 11,2167¢9

Source: AOK claims data 2007, own calculations

Note: PC = Postal Code; PC 20 = Hamburg Mitte; PC 1 =Dresden, Riesa, Meiflen, Bischofswerda;
PC 6 = Halle (Saale), Dessau-Roflau, Quedlinburg, Zeitz

For the sake of brevity Table 1 gives an overview of the risk population and the cases on a
one-digit postal code level albeit all calculations are performed on the two-digit level. For
each region we calculated age-standardized prevalence by applying direct age
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standardization. We defined seven five-year age-groups for the ages 65-69, 70-74, 75-79,
80-84, 85-89, 90-94, 95+. The minimum number of valid person-years with dementia was
2.8 at age 65-69 in postal code region 20 (Hamburg Mitte), the maximum was 862 person-
years with dementia at age 80-84 in postal code region 6 (Halle (Saale), Dessau-RoBlau,
Quedlinburg, Zeitz). German population data from 2007 for five-year age groups and both
sexes combined from the Human Mortality Database (2013) served as the reference
population.

We conducted spatial analyses by using maps to illustrate regional differences in the
prevalence. In addition we calculated regional correlations between dementia and the three
vascular risk factors by using random-effects meta-regression models. We assumed that the
age-standardized prevalence of region i, y;, can be modelled as a normally distributed linear
prediction from the risk factors x; and their unknown parameters f (Harbord and Higgins
2008):

vi ~ N(xiB.of +r%)

For the estimation of the parameters each region was weighted by its precision, //o;?, where
o;? is the within-region variance of the age-standardized prevalences; y;; 2 is the between-
region variance allowing for between-region heterogeneity not explained by the covariates
and is estimated from the data by applying the REML algorithm (Thompson and Sharp
1999). All calculations were performed in Stata 12.1 using the “metareg” command.

For better comparison of the effect sizes prevalence of the three explanatory diseases
were standardized by their mean and standard deviation, and multiplied by a factor of 100.
Thus, the resulting coefficients can be interpreted as the percentage increase in regional
dementia prevalence when the respective risk factor increases by one standard deviation.

In the claims data for each diagnosis, an indicator reflects the validity of the diagnosis
as assigned by the medical doctor. In the outpatient sector, the indicator distinguishes
between diagnoses which were “verified”, and those which were assigned in cases of
“suspicion of”, “condition after”, or “exclusion of”. In the inpatient sector, distinctions
were made between admission, referral, discharge, and secondary diagnosis. In this study
only diagnoses indicated as “verified” in the outpatient sector, and only the discharge and
secondary diagnoses from the inpatient sector were considered.

3 Results

All prevalences presented here were age standardized for ages 65 and above and refer to
100 person-years of risk. For the sake of brevity we refer to prevalence only.

In Germany considerable spatial differences existed in the prevalence of dementia. In
West Germany they ranged between 0.06 (PC 20: Hamburg Mitte) and 0.11 (PC 94:
Passau, Landau an der Isar, Regen, Straubing), in East Germany they extended from 0.07
(PC 8: Plauen, Zwickau, Aue, Klingenthal) to 0.10 (PC 16: Oranienburg, Eberswalde,
Pritzwalk, Schwedt/Oder) as depicted in Figure 1. Over all regions, the weighted
prevalence was 0.081. Prevalence clustered in regions, first of all they differed between
East and West Germany but also within these two regions. In East Germany 16 out of the
19 regions were above the German average, in West Germany 22 out of 54. In East
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Germany we found a distinct north-south gradient with prevalence declining from the north
to the south (Figure 2). In West Germany prevalence was low in the southern regions
around Stuttgart, Frankfurt, Mainz, in central Germany around K&ln-Bonn, in the northern
state of Schleswig-Holstein and Niedersachsen. Regional prevalence was particularly high
in north and eastern Bavaria, the Ruhr-area as well as in Saarland.

Figure 1: Age-standardized prevalence of dementia ages 65+ and confidence intervals by
2-digit postal code for both sexes combined; Weighted regional average for the
AOK population in West Germany, East Germany and Total Germany

v mame S e i)
West N
20 Hamburg Maie —_— 0.08 (0.08, 0.07)
32 Hertors, Minden, Detmold, L . 0.06 (0.06, 0.07)
70 Sutigwt Folacn, LondekdenEchierdingen, Fidestadt 0.07 (0.06,007)
71 Swngarior U Boblingen, Wi Backnang, Ludwigsturg 0.07 (.08, 007)
61 Bad Homburg. Friecberg. Bad Vibel, Obenursel 0.07 0.08, 0.08)
73 Goppingen, Exsingen, Schwsbich Gmund, Asien 007 (007, 0.07)
85 Wiesbacen, Limburg an der Lunn, Russeishein, Frankfurt am Mam-West 0.07 (6.07, 0.08)
ST Siagen, Lennestadt. Cipe, Alersurchen (Wesierwaid) 0.07 (.07, 0.08)
26 Odenourg. Wi . Emxden, Aurich 0.07 1007, 0.08)
55 Manz, . Bag 0.07 007, 0.08)
53 Bonn, Remagen, Siegburg, Euskirchen 0.07 (007, 008)
24 Kiol, Flansbaurg, Schistwig, NeumGnster 0.07 .07, 008)
) ] Hgppenheim, Grod Gerau 0.07 .07, 0.08)
50 Hamm, Unno, Soest. Amaberg 0.07 (007, 0.08)
20 Siciches une outiches Hamurg i Ui, Linebui; Busiehoe, S, Rtk 0.07 (607, 0.08)
2 Westioue (atey, krivos, S 0.07 (.07, 0.08)
28 Bremen, Schwanewods, Syke, Stubr 0.07 (0.07, 0.08)
36 Fuda, Bad Hersleid, Bad Satrungen, Alsteid 0.07 (007, 0.08)
27 Brmerhaven, Curhaven, Deimenhorst, Helgoland 0.07 (.07, 008)
58 Hagen, Witien, Iserionn, LOgenscheid 007 (007, 0.08)
® ‘olisborg, Halberstact 0.07 (607, 0.08)
60 Frankiur om Main Mitie 0.07 (007, 0.08)
48 Monater, Rheine. Norchon, Coesiid 0.07 (007, 0.08)
& Hanau, C¥fenbach am Main, M 0.08 (.07, 0.08)
51 Koin (rechtsrheinisch ohne Deutz), Leverkusen, Bergisch Gladbach. Gummensach 0.08(0.07, 0.08)
7 0.08 (0.07, 0.08)
20 Cese, Usizen. Saizwedel. Luchow 0.08 007, 0.08)
£ Dol e, M 0.08(2:07,008)
82 Wonchener Uimian (Sod, W 0.080.07, 0.08)
8  Rosenneim, Traunstein nnm Bad Toiz 0.08(0.07,008)
80 Monchen histe-Nordwes! 0.08 (.07, 0.08)
0 ke, e, Herdontoim o Been, Eniogen (Do) 0.08 (.07, 0.08)
81 Monchen West, S0a, Ost 0.08 0.07, 0.08)
41 Wonchengladbach, Neuss, Viersen, Erksienz 0.08(0.07, 0.08)
TP Fresoury m Breisgau. Lomach, Tesee-Noustact, Waksshut-Tiengen, Emmendingen 0.08(0.07,008)
8 Fscnchahalen, Lo (Bocerasss. Rerarmbieg, Sherach an e 0.08 (.07, 008)
20 Lobeck, Bad Segetern, Wi 0.0810.07, 0.08)
22 Hambuig Noraiost ey Ahennstung, Weds! 0.08(0.07, 0.08)
46 Otemausen, Bottrop, Bochal, Wesol 0.08(0.07,0.08)
97 Warzuwg, Schweinlun. Bad Kssingen, Wertheim 0.08 (.07, 0.08)
30 Hanoorer, Gardsen, Langerigen, Laatzen 0.08 (.07, 0.08)
™ i , Sragen Konstanz, Tuttingen, Rottwed 0.08 (.08, 0.08)
3 Hanooer Lirgec, Nm ideshes, Peine 0.08 (0.08, 0.08)
42 Vuppertal, Vetben, Solingen, Remschaia 0.08 (.08, 0.08)
77 Offenburg, Lahe, Keti, Achern, BON 0.0810.07.009)
8 Wacher Undarl (Nond. Outs. it Doci. P, Eichet s 0.08 (0.08,0.08)
87 Kempien, Kaulbowen, kammingsn, Mark 0.0816.08, 0.09)
88 Augsturg, Donauwdet, Londsberg am Lech, uem.mm 0.08 (608, 0.08)
45 Essen, MOmeim an des Rulr, R t, Gelserikirchen 0.08(0.08, 0.09)
9 K Sokrhsiiech phe Dozl Frocn S, Berghaen 0.08 (.08, 0.09)
95 biof, Bayreutn, Kuimoach 0.08 (.08, 009)
67 Kasersiauter, mehnbo Worra, Spayer 0.08 (.08, 0.09)
34 Toes, Wiecn, Doun .08 (0.08,009)
% um.m_m 0.08 (0.08, 0.09)
w . Hoxter, Escriwege. Osteroce am Harz 0.0810.08,0.09)
Giellen, Wetziar, Marturg, Dilencury 0.08(6.08,009)
T4 Hestronn, Bietcheim-Brssingen, Sctwatisch Hal Cradshem 0.08 (.08, 0,09)
) Mele, Iobentiuren, Lingen (Ems) 0.08 (.08, 0.09)
44 Dortmund, Lunen, Heme, Bochom 0.8 ©.08,009)
75 Plorzheim, Eppngen, Caky, 0.08(0.08,009)
™ . Bacen-Boden, Langau in der Platz, Bruchsal Q.08 (.08, 008)
n

, Wesel
89 redeterg, Weinhem, Lemen, Mannneun (nur Postiacher)
91 Nomberger Umiand. Eriangen, Anstinch, Dinkeisbunt

93 Regenaturg,
84 Lancsiut, Waidkraiburg, Dingoling, Prarrkirchen

90 Momberg, Fomh. Schwabach, Zimoor

68 Mannhesn Schwegingen, L Aiemheim

2 Amoors, Mevemaeht 1 gur CORLINE, Yexdon 1 90 ObSDALE, Schmrandst
94 Paseau, Landsy an der hsar, Regen, Straubing

7

Subtotal VWes! -
East = I
& Plauen, Zwickau, Aus, Kingent + a 0.07 (0.06, 0.07)
1 Oresden, Riesa, Mesien, Bischofswer = -4~ 0.08(6:08,0.08)
9 Chemnaz. Aavacery Bushiolz Zicrooey, Frabeny - gon e, o)
, Hidburghausen, limenau, m— .08,
T — B o
?g Erfurt, Weimar, Mchinausen Thiringen, Essrach e g;:gg‘ggl
sandstiches - )
§  riste (Sasle), Oessau-Rolisy, Queclinourg, Zatz ] - 008 (0.0, 0.09)
4 Lowog e Erenbury Torgan | & acei008 003)
- (.08,
2 Goriz Bauwen, Hoyerswerda, Zeiau 1 - 0,08 (0.08, 0.09)
14 Potsgam und sudwestiches Berin, Rathenow, Luckemwalds, Brandenburg an der Havel i — 0,08 (.08, 0.09)
13 Mordicnes Berin - 0.08(0.09,009)
B o et e, —— = b o
?D Cotibus, Ftwewluide Forst (Lausaz). Sp!m r gg:gg‘g :gg
" mmwu Gradswald, Neustreitz, Usadom ! — % 0.90(0.09, 0 10)
15 Fronklurt (Oder). , Konigs: (] 0.90.(0.09, 0.10)
® ﬁmswmmwmumn | — 0.0(0.10,0.10)
16 Oransenburg, Eecswalde, Prczwalk, SchwediiOcer —— 0.500.10,0.11)
‘Sublot East | — . 0.080.08,009)
Overst - 0.08 (0.08, 0.08)
1
! | ! ! | ! |
08 o6 w o 0 n

Source: AOK claims data 2007, own calculations
This figure in high quality: http://www.budrich-academic.de/de/bevoelkerungswissenschaft/
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Spatial patterns of dementia prevalence and its vascular risk factors in German

Figure 2: Age-standardized prevalence of dementia ages 65+ by 2-digit postal code for both
sexes combined; AOK population in Germany 2007

(8.0,10.0]

Source: AOK claims data 2007

Figure 3: Age-standardized prevalence of hypertension ages 65+ by 2-digit postal code for
both sexes combined; AOK population in Germany 2007

(59.0.60.6]

(68.3,75.9]
(66.0,68.3]
(637 66.0]
(618637
(606.61.8]
[56.8.59.0)

Source: AOK claims data 2007
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Similar patterns existed for the three vascular risk factors. Hypertension (Figure 3) and
diabetes mellitus (Figure 4) revealed a strong east-west gradient with higher prevalence in
East Germany. In East Germany prevalence declined from the north to the south, in West
Germany the north and the south stood out with low prevalence. North and eastern Bavaria,
Saarland and the Ruhr-area had comparatively high rates.

Figure 4: Age-standardized prevalence of diabetes mellitus ages 65+ by 2-digit postal code
for both sexes combined; AOK population in Germany 2007

(30.9.34.7]
(28.5,30.0]
(26.3,28.5)
(25.1,26.3]
(24.0.25.1]
(23.1,24.0]
[207,23.1)

Source: AOK claims data 2007

The pattern is different for hypercholesterolemia (Figure 5). Here, East Germany was
characterized by low prevalence with no particular north-south gradient. In West Germany,
the north again revealed low levels whereas the south, particularly Bavaria, was
characterized by high levels.
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Figure 5: Age-standardized prevalence of hypercholesterolemia ages 65+ by 2-digit postal
code for both sexes combined; AOK population in Germany 2007

(28.9,32.5]
(