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Zusammenfassung

Valide epidemiologische Daten zum Typ-2-Diabetes-mellitus in
der �lteren Population sind trotz der mit dieser Erkrankung ver-
bundenen erheblichen individuellen und �konomischen Belas-
tungen rar in der europ�ischen Region. Zielsetzung waren eine
Erfassung populationsbasierter Daten zum Typ-2-Diabetes so-
wie der gest�rten Glukosetoleranz (Impaired Glucose Regula-
tion, IGR) aus den seit 1990 in Westeuropa mit oralen Glukoseto-
leranztests durchgef�hrten Surveys sowie eine Evaluation
m�glicher Zusammenh�nge von Risikofaktoren wie �bergewicht
und k�rperlicher Inaktivit�t mit der geografischen Variation der
Diabetespr�valenz. In der Altersdekade bis 60 Jahre hatten etwa
10% der Bev�lkerung in europ�ischen Surveys einen bekannten
oder neu entdeckten Diabetes. In der Altersgruppe 70 bis 79 Jah-
re lag die durchschnittliche Diabetespr�valenz bei etwa 25 %. Die
IGR-Pr�valenz stieg ebenfalls mit h�herem Alter an und erreichte
ein Maximum von 25 % (M�nner) bis 30 % (Frauen) bei den �ber
70-J�hrigen. Es fand sich eine große Variation der Diabetespr�va-
lenz in der �lteren Bev�lkerung in westeurop�ischen L�ndern,
allerdings war ein eindeutiges geografisches Muster nicht er-
kennbar. W�hrend die alters- und geschlechtsspezifischen Dia-
betespr�valenzen im deutschen KORA-Survey S4 (1999/2001)
(Augsburg) vergleichbar waren mit europ�ischen Durchschnitts-
zahlen, lagen die IGR-Pr�valenzen in Augsburg h�her (60 –69
Jahre; KORA: M�nner: 30,2 %, Frauen: 22,4% Europa: M�nner:

Abstract

Valid epidemiologic data on type 2 diabetes in the elderly popu-
lation are scarce in the European Region despite its enormous
human and economic burden. The aim was to assess popula-
tion-based data on type 2 diabetes and impaired glucose regula-
tion (IGR) from surveys carried out in Western Europe since 1990
using oral glucose tolerance tests, and to discuss the possible im-
pact of risk factors on geographic variation, in particular, obesity
and physical activity. In the decade below 60 years of age, about
10% of the population had known or newly diagnosed diabetes in
European surveys. In the age group 70 to 79 years, average total
diabetes prevalence was about one quarter. IGR prevalences also
increased with age, reaching a maximum of 25 % (men) to 30 %
(women) above 70 years of age. There was a wide variation of to-
tal diabetes prevalence in the elderly population in Western Eur-
opean countries, however, without clear geographical pattern.
Whereas age- and sex-specific prevalences for total diabetes in
the German KORA Survey S4 (1999/2001) (Augsburg) were com-
parable to the European average, IGR prevalences were higher in
Augsburg (60 – 69 years: KORA: men: 30.2 %, women: 22.4 % Eur-
ope: men: 21.2 %, women: 19.0 %). Thus, there is a huge reservoir
for future diabetes cases in the elderly population in Germany.
Differences at the population level were found for obesity, nutri-
tion, and sedentary lifestyle in Western Europe. Comparative
studies on the predictive values of obesity, physical activity, and
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Introduction

Type 2 diabetes is one of the most challenging health problems
in the 21st century both in developed and developing countries.
It is among the leading causes of death and diabetic macro- and
microvascular complications are resulting in increased disability
and enormous health care costs [1]. The number of people with
diabetes is increasing due to aging of the population and in-
creased prevalence of obesity and physical inactivity [2]. In the
European Region, an average total diabetes prevalence of 7.8%
in the adult population (20– 79 years) or 48.4 million persons
has been estimated in 2003 [1]. This high prevalence is partly a
consequence of the relatively old population compared to other
regions worldwide. Currently, about one third of the European
population is over 50 years of age, which is expected to increase
to over 40% by 2025 [1]. Therefore, without effective prevention
programs, diabetes prevalence in Europe is expected to increase
to 9.1 % or 58.6 millions in 2025 as estimated by the International
Diabetes Federation [1]. This increase will place an enormous fi-
nancial burden on a declining working age population in Europe.

Despite the increasing prevalence and the human and economic
burden, valid epidemiological data on type 2 diabetes in the el-
derly population is scarce in the European Region [3]. While in-
fectious diseases are carefully monitored, this non-communic-
able disease is not continuously assessed [3]. A mapping and
comparative analysis of type 2 diabetes and its precursor, im-
paired glucose regulation (IGR), using standardized methods is
lacking in Europe. The aim of this review is to evaluate popula-
tion-based data on type 2 diabetes and IGR prevalence from sur-
veys carried out since 1990 in Western Europe, and to discuss the
possible impact of risk factors on geographic variation, in parti-
cular, obesity and physical activity.

Methods

The gold standard to evaluate type 2 diabetes and IGR prevalence
in the elderly population is the OGTT (oral glucose tolerance
test)-based investigation of a representative sample. Inclusion
criteria for the current review were (1) population-based surveys
for diabetes using both fasting and 2 h glucose values after a
standard 75 g OGTT on all participants without known diabetes,
(2) surveys from Western European countries, (3) age group
above 50 years both including men and women, and (4) surveys
which have been carried out after 1990 to control for possible se-

cular trends of prevalence. In case that several comparable sur-
veys have been carried out in the same country the most recent
was chosen. Due to a large variation of age-strata and laboratory
methods in the original publications, data were largely obtained
from a recent meta-analysis of European studies (DECODE Study;
Diabetes epidemiology: collaborative analysis of diagnostic cri-
teria in Europe) [4]. Glucose concentrations were all transformed
to plasma glucose concentrations [4]. In Germany, only one
study fulfilled the inclusion criteria. In the KORA Survey S4
(1999/2001), OGTT were carried out in a random sample of
1353 subjects aged 55 to 74 years in the Augsburg region [5].
Age- and sex-specific prevalences of diabetes and IGR were given
according to the 1999 WHO criteria [6]. Thus, classification of
diabetes was based on both fasting and 2 h plasma glucose. Ac-
cording to the WHO recommendations IGR is either impaired
glucose tolerance (IGT) or impaired fasting glucose (IFG). IGT
was defined as 2 h plasma glucose between 140 to 199 mg/dl
and fasting glucose below 126 mg/dl. Fasting plasma glucose
concentrations between 110 and 125 mg/dl and 2 h gluco-
se < 140 mg/dl were classified as IFG. In the KORA Survey, preva-
lences were calculated accounting for sample design to provide
representative population estimates [5].

Results

The age- and sex-specific prevalences of total diabetes (known
and newly diagnosed) and IGR from the KORA Survey S4 (1999/
2001), Germany, and 13 other European population-based stu-
dies (DECODE meta-analysis) combined are given in Table 1.
In the KORA Survey, the age range was limited to 55 to 74 years
(DECODE: 50 to 79 years).

In the Augsburg survey and most of the other European studies,
half of total diabetes cases were previously undiagnosed. Total
diabetes prevalence (known and undiagnosed) increased with
age in both sexes, comprising about one quarter of the popula-
tion in the age group 70 to 79 years in the DECODE meta-analysis
(Table 1). In the decade below 60 years of age, about 10% of the
population had known or newly diagnosed diabetes. IGR preva-
lences also increased with age, reaching a maximum of 25 %
(men) to 30% (women) in the age-group 70 to 79 years. Signifi-
cant sex differences were found for diabetes prevalence in the
DECODE data. Whereas the prevalence was significantly higher
in men than in women aged 50 to 59 years, a larger proportion
of women suffered from diabetes in the age group above 70

21,2 %, Frauen: 19,0%). Daraus ergibt sich ein großes Reservoir f�r
zuk�nftige Diabetesf�lle in der �lteren Bev�lkerung in Deutsch-
land. In westeurop�ischen L�ndern bestehen Unterschiede hin-
sichtlich �bergewicht, Ern�hrung und k�rperlicher Aktivit�t. Zu-
k�nftige Studien sollten die pr�diktiven Werte von �bergewicht,
k�rperlicher Inaktivit�t und Ern�hrungsfaktoren, einschließlich
m�glicher Interaktionen mit genetischen Markern, in den ver-
schiedenen europ�ischen Populationen evaluieren.

Schl�sselw�rter
Typ-2-Diabetes · gest�rte Glukosetoleranz · Epidemiologie

nutrition and possible interactions with genetic markers in Eur-
opean populations are of interest in the future.

Key words
Type 2 diabetes · impaired glucose regulation · epidemiology

Rathmann W et al. The Diabetes Epidemic … Gesundheitswesen 2005; 67 Sonderheft 1: S110 – S114

�
b

ersich
t

S111

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



years. Up to 70 years, also IGR was more frequent in elderly men
than in women in the DECODE analysis.

The age- and sex-specific prevalences for total diabetes observed
in the Augsburg region were largely comparable to the DECODE
European average estimates, taking into account the different
age ranges (Table 1). Similar to the DECODE data, diabetes preva-

lence was significantly higher in men than in women aged 55 to
59 years, whereas in elderly participants above 70 years of age no
significant sex difference was observed. IGR prevalences in the
KORA data were also higher in men than in women up to 70 years
of age, however, which was statistically significant in the age-
group 60– 69 years only (p < 0.01). It is noteworthy, that in sub-
jects aged 60 to 69 years, IGR prevalence was higher in the KORA
Survey than the average estimate from the DECODE Study, in par-
ticular, among men.

After applying the current inclusion criteria to the surveys, six po-
pulation-based studies were selected for detailed comparisons
(Sweden, U.K., Germany, the Netherlands, Italy, Spain). Their basic
demographic data and participation (%) are given in Table 2. In
most surveys, proportion of females was higher among partici-
pants. Overall, participation ranged from 62 to 93 %. Due to differ-
ent age-strata used in the various publications, comparisons of to-
tal diabetes and IGR prevalences were limited to the age-group 60
to 69 years. This age group covers the largest number of subjects
with glucose disorders in most European populations.

In Table 3, a ranking of diabetes and IGR prevalences in men and
women is given for the six surveys. In both sexes, a wide varia-
tion of diabetes and IGR frequencies was found in European stu-
dies. Variation was about 2fold for diabetes and 2 – 3fold for IGR
prevalence. Both in men and women, the highest total diabetes
prevalences were found in Catalonia (Spain) and in Augsburg
(Germany). The lowest diabetes prevalence was observed in the
Dutch Study (Hoorn). IGR prevalences were highest both in men
and women in the surveys from Newcastle, Augsburg, and Cata-
lonia. Again, estimates from the Dutch survey were substantially
lower than in Augsburg. Thus, there appears to be a wide varia-
tion of diabetes and IGR prevalence in Western Europe. However,
no clear geographical pattern could be found (i. e. north-south
gradient).

Discussion

There is a wide variation of total diabetes prevalence in the el-
derly population in Western European countries without clear
geographical pattern. Another recent study using European sen-
tinel practice networks in eight countries confirms a two-fold
range of prevalence of known diabetes, however, did not include
Scandinavian countries and Germany [7].

Table 1 Prevalence of total diabetes and impaired glucose regulation
(IGR) in the elderly population: KORA Survey S4 (1999/2001) (Augs-
burg), Germany, and DECODE meta-analysis of 13 European studies

KORA survey DECODE study3

55 – 59
years

60 – 69
years

70 – 74
years

50 – 59
years

60 – 69
years

70 – 79
years

Total diabetes1 (%)

men 16.6* 18.1 23.1 10.1* 15.5 23.4*

women 8.6* 16.7 17.0 7.8* 16.1 27.3*

IGR2 (%)

men 18.1 30.2* 29.2 19.2* 21.2* 24.8

women 12.6 22.4* 25.5 14.3* 19.0* 29.6

1 known and newly diagnosed diabetes (OGTT) 2 impaired glucose tolerance or
impaired fasting glucose (1999 WHO) 3 The DECODE Study Group. Diabetes
Care 2003; 26: 61-69

* p < 0.05 for sex differences

Table 2 Description of population-based studies on diabetes in the
elderly population in Western Europe from 1990: DECODE Study and
KORA Survey S4 (1999/2001)

study mean age
(range)

participants,
n (%)

men
(%)

years of
survey

location

MONICA,
Sweden

52 (30 – 74) 903 (62) 48 1994 suburban

Hoorn, Neth-
erlands

62 (50 – 77) 2 364 (71) 46 1989 – 91 urban

Newcastle,
U.K.

55 (30 – 76) 778 (91) 52 1992 – 94 urban

KORA, Ger-
many

64 (55 – 74) 1 485 (62) 47 1999 – 01 urban and
rural

Cremona,
Italy

58 (40 – 89) 1 672 (87) 44 1990 – 91 urban

Catalonia,
Spain

54 (30 – 89) 1 835 (93) 42 1994 urban

Table 3 Sex-specific ranking of total diabetes (known and newly diagnosed) and impaired glucose regulation (IGR) prevalences in Western
European population-based surveys in the age group 60 – 69 years

diabetes prevalence
men % women %

IGR prevalence
men % women %

Catalonia, Spain 18.6 Catalonia, Spain 25.3 Newcastle, U.K 39.6 Catalonia, Spain 24.6

Cremona, Italy 18.2 KORA1, Germany 16.7 KORA1, Germany 30.2 Newcastle, U.K 24.5

KORA1, Germany 18.1 MONICA, Sweden 14.3 Catalonia, Spain 28.1 KORA1, Germany 22.4

Newcastle, U.K. 17.1 Newcastle, U.K. 13.9 Hoorn, Netherlands 21.7 Hoorn, Netherlands 18.0

MONICA, Sweden 13.9 Cremona, Italy 13.0 MONICA, Sweden 17.1 MONICA, Sweden 17.1

Hoorn, Netherlands 10.7 Hoorn, Netherlands 12.5 Cremona, Italy 12.2 Cremona, Italy 12.7

IGR: impaired glucose tolerance or impaired fasting glucose (1999 WHO criteria) 1 survey S4 (1999/2001)
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Age, obesity, physical activity, nutrition, and genetic predisposi-
tion are relevant factors influencing diabetes prevalence in a po-
pulation [8]. There are large differences in risk factors like obesity,
diet, and sedentary lifestyle at the population level in Western
Europe. Germany and the Netherlands are neighboring countries,
whose populations largely share a similar genetic background.
Nevertheless, there is a wide variation in diabetes prevalence in
the elderly population, which was almost two-fold higher in Ger-
many than in the Netherlands. This large difference is most likely
still existing although the Dutch survey was carried out a decade
earlier than the KORA Study. Prevalence of obesity, defined as
BMI equal or above 30 kg/m2, is about two-fold higher in Germany
(23%) than in the Netherlands (12 %) [9, 10].

Among 15 member states of the EU, Dutch participants also re-
ported the highest total physical activity in a recent survey [11].
A sedentary lifestyle is a major risk factor for type 2 diabetes. A
lower prevalence of sedentary lifestyles was found in northern
European countries, in particular, in Scandinavia, as compared
with southern countries, especially the Mediterranean area [12].
A recent European survey, using an internationally validated
questionnaire, confirmed higher prevalences of physical activity
(recreation, sport, leisure-time activities) in the Netherlands and
in Sweden than in Spain and Germany, corresponding to differ-
ences in diabetes prevalences found in the present study [13].
Therefore, the level of physical activity in a population could be
an important predictor of diabetes prevalence.

Obesity and anthropometric measures like waist circumference
also showed considerable variation within Western Europe [14,
15]. In particular, increased waist circumference has been found
to predict type 2 diabetes [14]. Interestingly, in the EPIC study,
highest values for waist circumference were observed in popula-
tions from southern Europe, in particular, Spain and Italy, corre-
sponding to the high diabetes prevalences found in population-
based surveys [15].

Finally, there is a marked variation in nutrition in Western Eur-
ope, from timing of meals to the composition of foods [16]. The
fatty acid composition of the diet is important in the develop-
ment of type 2 diabetes [17]. A high intake of saturated fatty
acids has been associated with an increased risk of progression
to diabetes from IGT [17]. A north-south divide in nutrition is
found in Europe: half of the dietary fatty acids in the south are
monounsaturated whereas in the north, saturated fatty acids al-
most approach this proportion [16].

Thus, more comparative studies of type 2 diabetes and the pre-
dictive values of obesity, physical activity, and nutritional factors
in the European population are of interest in the future. The ef-
fect of lifestyle factors may differ in various populations, and it
will also be of interest, how risk factors like diet and physical ac-
tivity interact with genetic markers.

Differences in body mass index within European populations
only partly explain the large variation in diabetes prevalence
[8]. It has been suggested that variation in diabetes prevalence
between European OGTT-based surveys may partly be due to

methodological differences in participation (selection bias) and
in preanalytical and analytical study conditions with respect to
the oral glucose tolerance test (i. e. physical activity, diet, smok-
ing prior to OGTT; handling of glucose samples) [8]. Thus, it is
conceivable that in fact existing geographic patterns of total
type 2 diabetes prevalence in Europe could not be detected so
far due to considerable misclassification of glucose tolerance
groups in various surveys. Activities like the WHO MONICA pro-
ject have provided evidence that regional variation in prevalence
of a common non-communicable disease and its risk factors can
successfully be monitored using standardized methods [14].
Thus, there is an urgent need for a standardized evaluation of
type 2 diabetes prevalence in the whole European region, given
the rising prevalence and enormous burden for the individual
and the society.

Future planning

The KORA Survey S4 (1999/2001) included the first OGTT-based
study on prevalence of undiagnosed diabetes and IGR in the el-
derly population in Germany. The prevalence of impaired glu-
cose regulation (IGT and IFG) in Augsburg in the age group 60 to
69 years was higher than the European average found in the DE-
CODE study. IGR is a strong risk factor for the future develop-
ment of type 2 diabetes and cardiovascular disease [15]. In the
Dutch Hoorn study, the five-year cumulative incidence of dia-
betes in participants with IGT was 33.8% and in subjects with ad-
ditional IFG (fasting glucose 110– 125 mg/dl) up to 65 % [15].
Thus, there is a huge reservoir for future diabetes cases in the el-
derly population in Germany. It has been estimated, that in 2000
in the age group 55 to 74 years about 3 million Germans had IGT,
of whom a substantial number will develop diabetes within the
next years [5]. Therefore, it is planned that all KORA Survey S4
(1999/2001) participants shall be invited for the F4 follow-up
study in 2006/2007 (Institute of Biometrics and Epidemiology,
German Diabetes Center, and Institute of Epidemiology, GSF).
The aim is to evaluate for the first time the age- and sex-specific
diabetes incidence and mortality (all-cause and cardiovascular)
in a well-defined German population based on OGTT. These esti-
mates will provide valuable information to estimate the extent of
the future diabetes epidemic in the elderly population. Also for the
first time a prospective study cohort of OGTT-based incident cases
will be available for Germany, which is the preferred observational
epidemiological study design for making causal inferences. Pro-
spective studies on diabetes incidence are rare in Europe. There-
fore, relevant future analyses of genetic and non-genetic risk fac-
tors of type 2 diabetes including their possible interactions will be
possible [19].
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