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Zusammenfassung

Die MONICA/KORA-Surveys sind durch eine sorgf�ltige und breite
Erhebung zahlreicher kardiovaskul�rer Ph�notypen gekennzeich-
net. Insbesondere wiederholte, verblindete Blutdruckmessungen,
umfassende echokardiographische und elektrokardiographische
Ableitungen sowie die Differenzierung zwischen Fett und fettfrei-
er K�rpermasse haben zu vielf�ltigen innovativen Beobachtungen
Anlass gegeben. So konnten genetische und serologische Marker
des Renin-Angiotensin-Systems mit Bluthochdruck und linksven-
trikul�rer Hypertrophie assoziiert werden. Gleiches gilt f�r die Be-
deutung von Parametern der K�rperkomposition, wie Adipositas
und Muskelmasse. Zudem konnte erstmalig die Pr�valenz der
Herzinsuffizienz auf Bev�lkerungsebene in Deutschland determi-
niert werden. Daneben gelangen genaue Pr�valenzangaben f�r die
linksventrikul�re systolische bzw. diastolische Dysfunktion in der
Studienregion exemplarisch f�r die Bundesrepublik. Schließlich
wurden die Studien in der Bev�lkerungsstichprobe f�r die Defini-
tion von Normalwerten der natriuretischen Peptide genutzt.
Zusammenfassend betrachtet erlaubte die Evaluation kardiovas-
kul�rer Ph�notypen in den MONICA/KORA-Studien eine im euro-
p�ischen Raum einmalige Dokumentation kardiovaskul�rer Funk-
tionsparameter in der Normalbev�lkerung. Dar�ber hinaus
gelangen vielf�ltige epidemiologische Beobachtungen zu patho-
physiologisch relevanten Themen von Herz- und Gef�ßerkrankun-
gen.

Abstract

The MONICA/KORA surveys are characterized by a careful and
broad investigation of multiple cardiovascular phenotypes. Par-
ticularly, repeated blinded measurements of blood pressure,
comprehensive echocardiographic and electrocardiographic eva-
luations as well as differentiation between fat and fat-free body
mass have led to manifold innovative observations. Specifically,
genetic and serological markers of the renin angiotensin system
could be associated with high blood pressure and left ventricular
hypertrophy. The same applies to the importance of parameters
of body composition as obesity and muscular mass. Moreover,
the prevalence of heart failure in the general population could
be determined for the first time in Germany. Additionally, the
prevalence of left ventricular systolic and diastolic dysfunction
could be obtained in the region of the survey, exemplarily for
the Federal Republic of Germany. Finally, the surveys of the po-
pulation random sample were used to define normal serum le-
vels of natriuretic peptides. In summary, the evaluation of cardi-
ovascular phenotypes in the MONICA/KORA surveys resulted in a
– in the European region unique – documentation of cardiovas-
cular functional parameters in the general population. Moreover,
multiple epidemiological observations as to pathophysiologi-
cally relevant topics of heart and vascular diseases could be stu-
died in extraordinary details.
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Introduction

Given the increasing prevalence of multiple risk factors in our so-
cieties, cardiovascular diseases play a growing sociomedical role.
Moreover, based on precise measurement of arterial blood pres-
sure as well as of other traditional risk factors the pathophysiolo-
gical understanding of coronary heart disease and heart failure is
rapidly growing. The sequential MONICA/KORA surveys became
focus of these increasing scientific and methodical possibilities.
On the one hand, improved echocardiographical evaluations of
left ventricular geometry and function allowed a detailed docu-
mentation of cardiac function. Additionally, the MONICA/KORA
surveys were accompanied by steadily improved genetic tech-
nologies. Thereby, correlations between multiple anthropo-
metric factors with pathological changes of heart volume and
function as well as the evaluation of genetic polymorphisms or
mutations yielded a plethora of novel insights. The present paper
sums up the essential results of these works.

Methods

Electro- and echocardiographic examination form the core
methods in this part of the MONICA/KORA surveys. About 2,200
standard examinations have been carried out on subjects of a fol-
low-up of the first survey in 1984/85 (S1) in 1994 as well as large
parts of the third survey in 1994/95 (S3). The number of partici-
pants in these echocardiographic sub-studies was lower than in
the overall survey, due to restriction to the Augsburg city recrui-
tement center. The studies made use of data from the first MON-
ICA survey that allowed comparative analyses in terms of blood
pressure and ECG data. Technically, the protocols were carried
out in a standardized fashion by specially trained personnel. Par-
ticularly, great care was used in order to generate high quality
echocardiographic readings. For this purpose, two highly experi-
enced investigators underwent specific training to produce con-
sistent results. The same applies for electrocardiographic read-
ings that were digitized for further analyses. Blood was
subsequently taken for generation of serum, plasma and DNA
samples. Biochemical and molecular genetic methods have been
described elsewhere in great detail.

Results

Left ventricular hypertrophy
Renin angiotensin system
Starting point for the epidemiological studies were experimental
data of our group that demonstrated the involvement of angio-
tensin converting enzyme (ACE) in the development of pressure
induced left ventricular hypertrophy [1, 2]. Interestingly, data on
a polymorphism that results in elevated ACE levels corroborated
these findings and demonstrated that this genetically driven in-
duction of the renin angiotensin system elevates the risk of left
ventricular hypertrophy [3]. Subsequently, our group demon-

strated that an ACE insertion/deletion (I/D) polymorphism speci-
fically elevates ACE activity in the heart [4]. Likewise, other com-
ponents of the renin angiotensin system were associated with
cardiac mass [5, 6]. In conjunction, experimental and epidemio-
logical data further strengthened the pathophysiological role of
an activated renin angiotensin system in the development of
left ventricular hypertrophy [7]. Not surprisingly, recent clinical
studies using blockers of the renin angiotensin system came to
the conclusion that inhibition of this system is specifically useful
for reversal of these effects [8].

Blood pressure
Pressure overload, i. e. a continuously higher systolic pressure in
the heart giving rise to an increased wall tension, is traditionally
seen as a major contributor to the development of left ventricular
hypertrophy. The same was true in the MONICA/KORA studies,
although the intensive cardiovascular phenotyping produced a
number of additional modifying factors. One of these was the
so-called white coat effect, i. e. the surge of blood pressure upon
contact with a physician. This slightly stressful encounter was
also observed in some study participants who displayed higher
blood pressure readings when measurements were taken by the
physician as compared to the technician. Interestingly, the white
coat effect was also found to increase the probability of left ven-
tricular hypertrophy [9]. Moreover, obesity and obesity related
hypertension were found to come with substantial implications
for left ventricular geometry. While hypertension was particu-
larly correlated with a concentric type of hypertrophy, obesity
was found to induce an excentric pattern. The combination of
both, hypertension and obesity, came with the strongest effects
[10 –13] increasing both geometric forms of left ventricular hy-
pertrophy.

Indexation
Detailed measurements of fat and fat-free mass allowed further
novel investigations with respect to implications of body compo-
sition and left ventricular geometry [14]. First, these studies
clearly demonstrated that left ventricular mass is best correlated
with fat-free mass, i. e. the type of tissue that deserves most of
the blood supply [15]. By contrast, fat mass was associated with
the risk of hypertension and, thus, a concentric pattern cardiac
hypertrophy. Interestingly, the indexation of left ventricular
mass for fat-free mass of a given individual diminished the asso-
ciation between fat mass and left ventricular mass. This surpris-
ing effect may be explained by higher fat-free mass as a result of
obesity in addition to the expected increase of fat mass. Indexa-
tion for this increase of fat-free mass reduces the association of
fat mass or obesity with left ventricular mass considerably.
Moreover, this type of indexation (LVM divided by fat-free
mass) completely abolished the differences in cardiac size tradi-
tionally observed between men and women. In fact, indexation
of fat-free mass was the first ever observed indexation that pro-
duced identical (adjusted) heart sizes for men and women [15].

Hypertension
A number of neurohormones were also associated with blood
pressure in the MONICA/KORA samples. In addition to compo-
nents of the renin angiotensin system [16] dehydroepiandoster-
one was found to correlate with blood pressure [17]. This effect
was particularly interesting, because substitution of this hor-

Schl�sselw�rter
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mone is considered to delay aging in men resulting in enormous
over the counter prescriptions in the United States.

Natriuretic peptides
Another class of hormones related to cardiac function are the na-
triuretic peptides. Measurements of arterial natriuretic peptides
(ANP), brain natriuretic peptides (BNP) and their second messen-
gers cGMP were also correlated with left ventricular mass and
function as well as renal function in the MONICA/KORA surveys
[18 –20]. The data served to create population-based reference
levels given that these markers proved to be useful for clinical di-
agnosis of heart failure, cardiac hypertrophy and aortic stenosis
and, finally, may prove useful for making treatment decisions.

Medication
In addition to anthropometric, genetic and biochemical promo-
tors, medication was investigated with respect to its conse-
quences on blood pressure, hypertrophy and neurohormone le-
vels [21– 26]. Interestingly, these studies produced highly
differential results with respect to drugs affecting the renin an-
giotensin system or sympathetic nervous system, respectively.
Specifically, diuretics, ACE inhibitors or the combination of both
resulted in a stepwise increase of renin levels, whereas beta
blockers, either alone or in combination with such drugs, almost
abolished this effect. By contrast, beta blockers were related to
an increase of ANP, BNP and cyclic GMP levels. These data were
of great interest given the pathophysiological implications of an
activation of the renin angiotensin system [1– 5] or the diagnos-
tic value of the natriuretic peptides [18].

Genetic factors
In parallel with the evolution of the human genome project, the
MONICA/KORA studies produced a large wealth of data on genet-
ic factors with respect to their implications for arterial hyperten-
sion and left ventricular hypertrophy [3, 27 – 35]. In addition to
the ACE I/D polymorphism, other genetic variants of the renin
angiotensin system including angiotensinogen, AT1 receptor, al-
dosterone synthase, PPARa and GNB3 polymorphisms were stu-
died in great detail. In conjunction, these studies document both

the profound implication of inherited factors in general [36] and
those of the renin angiotensin system in particular.

Cardiac function
The systematic exploration of more than 2,000 inhabitants of the
Augsburg region allowed for the first time to produce popula-
tion-based data on systolic and diastolic function of the heart
[37 – 39]. In the context of other echocardiographic investiga-
tions of MONICA populations including Glasgow and others,
these data were important for the definition of screening strate-
gies for these dreadful conditions. In detail, these studies re-
vealed that men are more likely to suffer from both systolic and
diastolic dysfunction of the heart. Moreover, blood pressure, obe-
sity and anemia proved to affect cardiac function substantially
[37 – 41].

Discussion

The close interaction between cardiologists and epidemiologists
in the MONICA/KORA surveys proved to be highly fruitful for the
elaboration of cardiac geometry and function. Indeed, this inter-
disciplinary interaction allowed for the first time to generate an

Fig. 1 Factors studied in the Augsburg MONICA/KORA population affecting left ventricular hypertrophy.

Fig. 2 Factors studied in the Augsburg MONICA/KORA population
affecting cardiac function.
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extensive German database on cardiac function and geometry as
well as their related factors. The wide scope of these investiga-
tions and the enormous success in terms of high impact publica-
tions certainly enhanced the visibility of the Augsburg MONICA/
KORA studies substantially. Indeed, some of the landmark stu-
dies on epidemiological aspects of left ventricular hypertrophy,
heart failure and contributing factors such as the ACE I/D poly-
morphism were derived from the MONICA/KORA studies that in-
troduced novel concepts to be reproduced in many other studies
[3, 15, 37]. The follow-up of these investigations kicked off nu-
merous successful grant applications including the BMBF Kom-
petenznetz Herzinsuffizienz and NGFN2.

Future planning

In the currently ongoing study the population-based follow-up
of the third survey from 1994/95 (S3) in 2004/05 (F3) allows to
investigate for the second time a population-based sample by
electro- and echocardiography as well as measurement of body
impedance. These consecutive measurements covering a period
of 10 years will form a unique database for the investigation of
factors affecting the incidence of hypertension, left ventricular
hypertrophy and heart failure. Thus, the ongoing evaluations are
likely to contribute to these topics under investigations for many
years to come.
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