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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 1,312,594 persons. Dementia diagnosis was defined according to
ICD-10 codes G30, G31.0, G31.82, G23.1, FOO, FO1, FO2, FO3, and FO05.1. 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.
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).



The knowledge about spatial variation in dementia prevalence can help to identify
socioeconomic determinants of dementia risks, it may support etiological investigations
(Steele und 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; Hébert 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 und 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; 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 und 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 he 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.

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 (8 301 (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 1,312,594 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, FOO, FO1, FO2, FO3, and F05.1. We did not further distinguish dementia
according to aetiology. 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 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 1902, and a maximum of 38440 insured person-years. The age-specific
prevalence of dementia at age x in region i were calculated by

insured person — years with dementia diagnosis,;

Prevalence,; = -
total insured person — years ;

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.

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 standardization.
We defined seven five-year age-groups for the ages 64-69, 70-74, 75-79, 80-84, 85-89, 90-94,
95+. The minimum number of valid dementia cases was 44 at age 95+ in postal code region
44 (Dortmund, Hune, Lerne, Bochum), the maximum was 314747 dementia cases at age 80-
84 in postal code region 6 (Halle(Saale), Dessau-Rof3au, Quedlingburg, 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, ¥i , can be modelled as a normally distributed linear
prediction from the risk factors *: and their unknown parameters 8 (Harbord und Higgins
2008)

vi~N{x;B.0% + r*)

For the estimation of the parameters each region was weighted by its precision, 1/9¢ , where
oi? is the within-region variance of the age-standardized prevalences ¥i; r? 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 und 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.
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 20: 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 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 Ko&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.

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 prevalencein 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.

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.

Based on meta-regression we found a strong positive bivariate correlation of b=0.55
(p<=0.001) between the regional prevalences of dementia and of hypertension. This
correlation implies that the prevalence of dementia increase by about half a percentage point,
when the prevalence of hypertension increase by one standard deviation (Figure 6). Measured
by the adjusted R? the regional variation in hypertension explained 39.5% of the regional
variation in dementia. We found an equally strong bivariate correlation between diabetes
mellitus and dementia. Here the bivariate correlation was b=0.59 (p<=0.001) and the
explanatory power of the model was 47.1%. Contrary to these findings, the bivariate
correlation between hypercholesterolemia and dementia was statistically not significant
(Figure 7). Only when we controlled for the overall level of hypercholesterolemia in East and
West Germany by introducing an East/West indicator variable we found a positive correlation
of b= 0.34 (p=0.003). The model explained 25.6% of the regional variation in dementia
prevalence. A meta-regression model that included all three risk factors was able to explain
53.9% of the regional variation in dementia prevalence (Table 2). The regional prevalence of
hypertension and diabetes were highly correlated, thus combining them into one model
reduced their effect sizes to b=0.38 (p=0.017) for hypertension, and b=0.379 (p=0.008) for
diabetes. They were then comparable to the effect size of hypercholesterolemia b=0.302
(p=0.000).

In sensitivity analyses we performed separate calculations for men and women. While the
prevalence of dementia was significantly higher for women than for men (not shown), the
spatial pattern as well as the correlation between dementia and the three cardiovascular risk

factors remained unchanged.



Discussion

This is the first study to explore spatial differences in dementia prevalence in Germany. We
found distinct geographical patterns in dementia prevalence which were significantly
correlated with the regional distribution of the three major vascular risk factors hypertension,
hypercholesterolemia and diabetes mellitus. A series of studies (for an overview see Breteler,
2000) has previously linked these risk factors with the incidence and prevalence of dementia

on an individual level; here we show that this link also exists on a regional level.

Given the lack of regional studies about dementia prevalence in Germany it was not possible
to validate our finding with earlier studies. However, results from regional population-based
cohort studies support the geographic patterns we found for the three risk factors

hypertension, hypercholesterolemia, and diabetes.

Blood pressure has been continuously found higher in the East than in the West (Marti et al.
1990; Heinemann and Greiser 1993; Thamm 1999; Fischer et al. 2000) with signs of
convergence during the 1990s (Thamm 1999). The comparison of the prevalence of
hypertension in the Study of Health in Pomerania (SHIP) in the north-eastern region of
Pomerania with the level in the MONICA/KORA study in the south-western city of
Augsburg, based on nearly identical study designs and similar definitions of hypertension,
showed considerable differences at ages 25 to 64. Hypertension among men in the SHIP study
was 60%, in the MONICA/KORA study 41%. Among women the respective values were
39% and 29% (Meisinger et al. 2006).

Schipf et al. 2012 compared the age-standardized prevalence of diabetes mellitus at age 45 to
74 in the SHIP-study in the northeast, the CARLA-study in the east, the HNR-study and the
DHS-study in the west, and the KORA S4-study in the south of Germany. Additionally, data
from the nationwide German National Health Interview and Examination Survey 1998 were
included. All of the studies used similar methods regarding the study design, selection of the
study population, and the definition of type 2 diabetes resulting in similar response rates. The
results showed a southwest-to-northeast gradient with the highest prevalence in the east
(12.0%) and the lowest in the South (5.8%).

Little information about the regional distribution of hypercholesterolemia is available.
Supporting our results, a study based on the analysis of serum-lipid levels of outpatient

patients found that the prevalence of increased high-density lipoprotein cholesterol (HDL-C)



levels was lower among East than West German men; levels were only slightly higher among
East than West German women (Moebus et al. 2008). We will discuss this study below in

more detail.

Finally, we turn to the regional pattern of the metabolic syndrome which is a generic term for
the co-occurrence of different diseases (Rosak 2003) including central obesity, impaired
glucose tolerance, essential arterial hypertension and dyslipoproteinemia (Haak and Palitzsch
2012). The metabolic syndrome results in high morbidity and mortality by coronary, cerebral,
and vascular diseases (Rosak 2003), as well as an increased risk of diabetes mellitus
(Laaksonen et al. 2002; Lorenzo et al. 2003). In 2005, a study of more than 30.000 outpatient
patients in 397 of 438 German counties found significant regional differences in the age-
standardized prevalence of the metabolic syndrome (Moebus et al. 2008). Prevalence was
highest in the East German states of Mecklenburg-VVorpommern, Brandenburg, and Saxony-
Anhalt. In East Germany only Saxony reached West German levels. Among women the
prevalence was lowest in Hamburg, Schleswig-Holstein and Hessen, and highest in the three
East German states mentioned above. Among men a similar pattern emerged albeit at a
generally higher level than among women. Prevalence was lowest in Saarland, Schleswig-

Holstein, Hamburg and Bremen, and highest in Brandenburg, Thuringia, and Saxony-Anhalt.

We used health claims data for the study of spatial patterns in dementia and its vascular risk
factors. The primary aim of medical claims is cost calculation which leads to limitations in the

data that might result in a biased geographical pattern.

First, in the German medical system, only diagnoses leading to treatment are relevant for the
purposes of cost calculation. Thus, a patient’s cognitive impairment may not be documented if
no further treatment is given. This might be particularly true for mild cases of dementia and
cognitive impairment. There might be regional differences in the diagnosis and the treatment
of dementia, as well as of the vascular risk factors. Note however, the geographical pattern of
the vascular risk factors found in this study was supported by results from population-based
cohort studies, which also lends credibility to the regional dementia pattern.

Second, regional differences in the proportion of individuals covered by the AOK insurance
might bias the geographical pattern. This, however, would not bias the regional correlation
between the dementia prevalence and the vascular risk factors. We estimated the AOK-
insured population in each postal code region and included this information in our analysis.

We found that regional dementia prevalence was weakly and statistically not significantly



correlated with the proportion of the AOK-insured population in the West, and not correlated
at all in the East. The regional correlation between the dementia prevalence and the vascular
risk factors remained unchanged.

Third, geographical patterns at the highest ages might be affected by the proportion of people
living in nursing homes (Doblhammer et al. 2012). In these facilities, medical doctors might
refrain from diagnosing dementia and prescribing treatment due to health rationing at old ages
(Brockmann 2002), or because they realise that, at present, little can be done to halt the
further development of the disease (Wagner and Abholz 2002). Regional differences in the

proportion of elderly living in nursing homes might therefore bias the results.

Fourth, regional patterns in the distribution of the software used for cost-calculation might

bias our results.

Fifth, the diagnoses in medical claims data are neither specific nor standardised. Unlike the
data used in community-based epidemiological studies, in which diagnoses are made during
face-to-face examinations performed by specialists such as neurologists or psychiatrists who
use defined protocols, health claims data contain diagnoses from all medical doctors,
including from general practitioners. Thus, the different sub-types of dementia cannot not be
meaningfully distinguished. In the AOK data, 45 per cent of the dementia diagnoses were of
unspecified dementia. Only 27 per cent of these cases were diagnoses of Alzheimer’s disease,
a figure that appears to be much too low given the findings of other studies (Bickel 2000; Ott
et al. 1995; Weyerer 2005;). Nevertheless, after comparing the prevalence of dementia based
on medical claims data with national and international meta-studies of dementia prevalence,
we found that our rates fit well in the overall picture. This implies that, while medical claims
data are not useful in studies that seek to determine the etiology of dementia, they are useful
for the surveillance of the functional status of dementia irrespective of its cause for public

health purposes (Launer 2011).

Finally, the regional correlation between dementia prevalence and the vascular risk factors
might be an artefact caused by a correlation in the awareness of medical doctors for any of the
four diseases. In other words, medical doctors that are more likely to diagnose the three
vascular risk factors are also more likely to diagnose dementia. We tested this by exploring
the regional correlation between dementia prevalence and the prevalence of smoking-related
cancer on the one hand, and between dementia prevalence and non-smoking related cancer on

the other hand. In the claims data the diagnosis of cancer should not be biased by differences



in regional awareness of cancer nor of dementia. Smoking has been linked to an increased
risk of Alzheimer’s disease (Peters et al. 2008), thus, the geographical pattern of smoking-
related cancer should be correlated with dementia, which is indeed the case in our data.
Furthermore, our data showed no correlation between non-smoking related cancer and

dementia (results not shown).

Despite these shortcomings, health claims data carry also major advantages. The study of
spatial patterns requires large numbers of observations, particularly at the highest ages. The
AOK claims data cover the total population, including people who live in institutions, such as
assisted living or nursing homes. In many community-based epidemiological studies, the
institutionalised elderly are missing. This leads to a large bias, as the prevalence of dementia
is four times higher among elderly people living in nursing homes than among older people
who live in the community (Jakob et al. 2002). In the AOK population, 36 per cent of the
women but only 24 per cent of the men with a dementia diagnosis at age 85 were living in a

nursing home.

Since the AOK claims data contain the total insured population, there was no possibility that
the study design or self-selection into the study could have introduced a bias in the results.
While the socio-economic status of the AOK population is lower than that of the general
population (Geyer und Peter 2000), the difference is larger among people at younger than at
older ages, as up to 50 per cent of the elderly German population are insured under the AOK

plan.

This study provides strong evidence for the existence of geographical patterns in dementia
prevalence in Germany. A better understanding of these differences might be gained if not
only the relationship with vascular risk factors were explored. Future studies should therefore
aim at including regional context information. Information about geographical variation in the
prevalence of dementia is important from a public health point of view. The identification of
modifiable socio-economic and medical risk factors might help in delaying or even preventing

dementia onset.



Table 1: Number of exposures (population at risk) and cases (in person-years) by 1-digit

postal code in 2007, ages 65+

1-digit

postal code Exposures Cases

Dementia  Hypertension Hypercholesterolemia Diabetes
0 179039 17609 124876 23639 57701
1 130111 14319 92411 19404 41357
2 116527 9689 71479 20094 26604
3 143865 12920 93754 25950 37727
4 106619 9100 65793 21899 26381
5 110219 9157 68519 21054 27119
6 99991 8765 63298 18953 26966
7 145265 11792 88266 30050 35732
8 111716 9751 67615 25077 28331
9 138386 13295 93214 30812 42793
total 1281738 116397 829225 236932 350710
Minimum 190229 105F¢20) 1053¢¢20 318¢¢20) 414¢c20)
Maximum 38440F¢D 3441¢c® 26334¢¢0 6060®c Y 12377¢¢®

PC 20: Postal Code 20=Hamburg Mitte
PC 1: Postal Code 1=Dresden, Riesa, Meifen, Bischofswerda
PC 6: Postal Code 6= Halle(Saale), Dessau-Rof3lau, Quedlinburg, Zeitz

Source: AOK claims data 2007, own calculations



Table 2: Meta-regression of the regional correlation between dementia prevalence and the
standardized prevalence of hypertension, hypercholesterolemia and diabetes

Univariate models

Multivariate model

Risk factor Coefficient*100 p-value adj. R*> Coefficient*100 p-value
Hypertension 0.547 0.380
0.400-0.693  0.000 39.54% 0.069-0.691  0.017
Hypercholesterolemia -0.065 0.302
-0.249-0.120 0489 -054% 0.141-0.101  0.000
Diabetes 0.591 0.379
0.453-0.728  0.000 47.05% 0.101-0.659  0.008
adj. R? - 53.89%
N 95
Exposures 1,281,738
Cases
Dementia 116,397
Hypertension 829,225
Hypercholesterolemia 236,932
Diabetes 350,710

Source: AOK claims data 2007, own calculations



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

PLZ Name ES (95% CI)
West

20 Hamburg Mitte ¢ 1 0.06 (0.05,0.07)
32 Herford, Minden, Detmold, Lhne —— 1 0.06 (0.06,

70  Stuttgart, Fellbach, Leinfelden-Echterdingen, Filderstadt D o 0.07 ,

71  Stuttgarter Umland, Béblingen, Waiblingen, Backnang, Ludwigsburg —_—— | 0.07 3 )
61 Bad Homburg, Friedberg, Bad Vilbel, Oberursel —_— 1 0.07 3 )
73 Goppingen, Esslingen, Schwébisch Gmiind, Aalen :— 0.07 f )
65  Wiesbaden, Limburg an der Lahn, Riisselsheim, Frankfurt am Main-West P I 0.07 B )
57  Siegen, Lennestadt, Olpe, Altenkirchen (Westerwald) 1 0.07 f )
26 Oldenburg, Wilhelmshaven, Emden, Aurich 0.07 f )
55  Mainz, Simmern/Hunsriick, Bad Kreuznach, Idar-Oberstein 1 0.07 f )
53  Bonn, Remagen, Siegburg, Euskirchen 1 0.07 f )
24 Kiel, Flensburg, Schleswig, Neumiinster 0.07 A )
64  Darmstadt, Bensheim, Heppenheim, GroR-Gerau —— ] 0.07 A

59  Hamm, Unna, Soest, Amsberg —— 1 0.07 A

21  Sudliches und éstliches Hamburg und Umland, Liineburg, Buxtehude, Stade, Reinbek — ; 0.07 f )
25 Westkiiste (Elmshorn, Itzehoe, Sylt) — 1 0.07 f )
28  Bremen, Schwanewede, Syke, Stuhr —— 1 0.07 A

36 Fulda, Bad Hersfeld, Bad Salzungen, Alsfeld 0.07 A

27  Bremerhaven, Cuxhaven, Delmenhorst, Helgoland . 1 0.07 f

58  Hagen, Witten, Iserlohn, Liidenscheid 0.07 .

38  Braunschweig, Salzgitter, Wolfsburg, Halberstadt I 0.07 A )
60  Frankfurt am Main Mitte 1 0.07 A

48  Mnster, Rheine, Nordhorn, Coesfeld 0.07 A

63  Aschaffenburg, Hanau, Offenbach am Main, Miltenberg I 0.08 f

51  Koln (rechtsrheinisch ohne Deutz), Leverkusen, Bergisch Gladbach, Gummersbach —— 0.08 B

72  Tibingen, Reutlingen, Sigmaringen, Freudenstadt, Balingen, Niirtingen —— 0.08 B )
29  Celle, Uelzen, Salzwedel, Liichow ——— 0.08 f )
40  Disseldorf, Hilden, Mettmann, Ratingen — 1 0.08 A

82  Miinchener Umland (Siid, West), Fii uck, berg, Garmisch-Partenkirchen 0.08 f

83  Rosenheim, Traunstein, Freilassing, Bad T6lz — 1 0.08 f

80  Miinchen Mitte-Nordwest j—r 0.08 f

89  Ulm, Neu-Ulm, Heidenheim an der Brenz, Ehingen (Donau) a— 0.08 A

81  Minchen West, Siid, Ost + 0.08 A

41 Monchengladbach, Neuss, Viersen, Erkelenz . 0.08 A

79  Freiburg im Breisgau, Lérrach, Titisee-Neustadt, Waldshut-Tiengen, Emmendingen 0.08 B

88  Friedrichshafen, Lindau (Bodensee), Ravensburg, Biberach an der Rif T 0.08 f

23 Liibeck, Bad Segeberg, Wismar, Molin 0.08

POOBOBDBHRHHHHHHDHHHHBHODRHPOBIBBPUIOEB®PILIILIINININNNNSNINNNSNSNNSNNSNINSNSNSNNSNINNNNSs5oe0
OOOO0000000000000000000000000000000000000000000000000000000000000000000000000
O PR R, OR 0000000000000 0000000000000000D000000000D0000D000000D0D00D0000D00000

22 Hamburg Nord/West, Norderstedt, Ahrensburg, Wedel —

46 Oberhausen, Bottrop, Bocholt, Wesel ———

97  Wiirzburg, Schweinfurt, Bad Kissingen, Wertheim ——

30 Hannover, Garbsen, Langenhagen, Laatzen —d

78  Villingen-Schwenningen, Donaueschingen, Singen (Hohentwiel), Konstanz, Tuttlingen, Rottweil E-I_ 0.08

31 Hannover Umland, Hameln, Hildesheim, Peine
42 Wuppertal, Velbert, Solingen, Remscheid
77  Offenburg, Lahr, Kehl, Achern, Biihl

85  Miinchener Umland (Nord, Ost), Ingolstadt, Dachau, Freising, Eichstétt :— 0.08 ,
87  Kempten, Kaufbeuren, Memmingen, Marktoberdorf o] 0.08 ,
86  Augsburg, Donauwdrth, Landsberg am Lech, Neuburg a.Donau —— 0.08 3
45  Essen, Miilheim an der Ruhr, Recklinghausen, Gelsenkirchen —— 0.08 3
50  Koln (linksrheinisch plus Deutz), Frechen, Briihl, Bergheim —— 0.08 ,
98  Suhl, Hildburghausen, llmenau, Meiningen —— 0.08 ,
95  Hof, Bayreuth, Kulmbach, Marktredwitz —— 0.08 ,
67  Kaiserslautern, Ludwigshafen, Worms, Speyer —— 0.08 ,
54  Trier, Wittlich, Daun, Prim _.— 0.08 3

37  Gottingen, Hoxter, Eschwege, Osterode am Harz
35  GieRen, Wetzlar, Marburg, Dillenburg
74 Heilbronn, Bietigheim-Bissingen, Schwabisch Hall, Crailsheim

56  Koblenz, Neuwied, Mayen, Andernach :_ 0.08
1
T

o
o
=3
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49  Osnabriick, Melle, Ibbenbiiren, Lingen (Ems) 0.08 ,

44 Dortmund, Linen, Herne, Bochum el — 0.08 3

75 Pforzheim, Eppingen, Calw, Mihlacker e 0.08 (0.08,

76  Karlsruhe, Baden-Baden, Landau in der Pfalz, Bruchsal |—.— 0.08 3

33 Bielefeld, Paderborn, Bad Driburg, Giitersloh A — 0.09 X

34 Kassel, Hannoversch Miinden, Korbach, Warburg Ii 0.09 3

66  Saarbricken, Neunkirchen, Homburg, Pirmasens 1 0.09 ,

96  Bamberg, Lichtenfels, Coburg, Sonneberg —_—— 0.09 (0.08,

52  Aachen, Eschweiler, Diiren, Heinsberg ] i 0.09 3

47 Duisburg, Krefeld, Moers, Kleve, Wesel 1 0.09 3

69 Hei inheim, Leimen, im (nur Postfacher) —— 0.09 ,

91  Niirberger Umland, Erlangen, Ansbach, Dinkelsbiihl 1 ——— 0.09 ,

93 Regensburg, Cham, Kelheim, Abensherg ——— 0.09 (0.09,

84  Landshut, Waldkraiburg, Dingolfing, Pfarrkirchen 1 ———— 0.09 ,

90  Niimberg, Firth, Schwabach, Zimdorf 1 —— 0.10 (0.09,

68  Mannheim, Schwetzingen, Lampertheim, Viernheim e — 0.10 ,

92 Amberg, Neumarkt in der Oberpfalz, Weiden in der Oberpfalz, Schwandorf I ———— ()]0 ,

94  Passau, Landau an der Isar, Regen, Straubing 1 —— ()11 ,
Subtotal West <>I 0.08 (0.08,
East 1

8  Plauen, Zwickau, Aue, Klingenthal — 0.07 (0.06, 0.07)
1 Dresden, Riesa, MeiRen, Bischofswerda ——t 0.08 (0.08, 0.08)
9 Chemnitz, Annaberg-Buchholz, Zschopau, Freiberg —I._ 0.08 (0.08, 0.08)
7 Gera, Jena, Saalfeld/Saale, Greiz 0.08 (0.08, 0.09)
99  Erfurt, Weimar, Miihlhausen/Thiiringen, Eisenach | m—— 0.08 (0.08, 0.09)
12 Sidliches und siidéstliches Berlin | —— 0.09 (0.08, 0.09)
6  Halle (Saale), Dessau-RoRlau, Quedlinburg, Zeitz < 0.09 (0.08, 0.09)
4 Leipzig, Altenburg, Eilenburg, Torgau 1 0.09 (0.08, 0.09)
39  Magdeburg, Stendal, Oschersleben, StaRfurt 0.09 (0.08, 0.09)
2 Gorlitz, Bautzen, Hoyerswerda, Zittau I 0.09 (0.08,0.09)
14 Potsdam und siidwestliches Berlin, Rathenow, Luckenwalde, Brandenburg an der Havel 1 et 0.09 (0.08, 0.09)
13 Nordliches Berlin 0.09 (0.09, 0.09)
19 Schwerin, Ludwigslust, Wittenberge, Parchim I 0.09 (0.09, 0.10)
3 Cotthus, Finsterwalde, Forst (Lausitz), Spremberg 1 ¢ 0.09 (0.09, 0.10)
10 Berlin Innenstadt 0.09 (0.09, 0.10
17 Neubrandenburg, Greifswald, Neustrelitz, Usedom } e 0.10 (0.09, 0.10;
15 Frankfurt (Oder), Eisenhiittenstadt, Fiirstenwalde/Spree, Konigs Wusterhausen 1 —— 0.10 (0.09, 0.10;
18  Rostock, Stralsund, Giistrow, Bergen auf Riigen — 0.10 (0.10, 0.10)
16  Oranienburg, Eberswalde, Pritzwalk, Schwedt/Oder 1 —.— 0.10 (0.10,0.11
Subtotal East | —— 0.09 (0.08, 0.09,
Overall <> 0.08 (0.08, 0.08)

| | | T | | |
.05 .06 .07 .08 .09 .10 A1

Source: AOK claims data 2007, own calculations



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

Figure 3: Age-standardized prevalence of hypertension ages 65+ by 2-digit postal code for
both sexes combined; AOK population in Germany 2007
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Figure 4: Age-standardized prevalence of diabetes mellitus ages 65+ by 2-digit postal code
for both sexes combined; AOK population in Germany 2007
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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
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Figure 6: Regional correlation between dementia and hypertension, diabetes mellitus and
hypercholesterolemia; age standardized prevalence for ages 65 +, AOK population 2007
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