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Stellingen
1.

Mensen van middelbare leeftijd die meer dan twee uur per week sporten, hebben
vergeleken met inactieven een drie- tot viervoudig verlaagde kans vroegtijdig te
sterven, met name aan hart- en vaatziekten. (Ditproefschrift)

2.

Onafhankelijk van intensiteit en duur, kan een hogere frequentie van sportbeoefening
bijdragen aan een gunstiger risicoprofiel voor hart- en vaatziekten. (Dit proefschrift)

3.

Lichamelijke inactiviteit in de vrije tijd komt vooral voor bij mensen met een lage
sociaal-economische status. (Ditproefschrift)

4.

Het in de laatste jaren aangetoonde gezondheidsvoordeel van matige lichamelijke
activiteit wordt mogelijk beinvloed door de vergelijking met een steeds inactiever
geworden referentiegroep.

5.

De toegenomen bewegingsvrijheid als gevolg van het verdwijnen van de Berlijnse
Muur heeft tot een hogere levensverwachting geleid.

6.

De uitspraak „het is puur toeval" is statistisch gezien veel informatiever dan „het is
zeer waarschijnlijk".

7

Zowel inspanning als ontspanning door sport kan mogelijk overspanning voorkomen.

8.

Bisher ist es fraglich, ob Epidemiologen sich eher mit Mortalitatsraten oder mit
Mortalitat-Raten beschaftigen.

9.

De dichtregel van Horatio: „Het zou wenselijk zijn dat een gezonde geest huist in een
gezond lichaam (Orandum est ut sit mens sana in corpore sano)" suggereert in de veel
geciteerde verkorte vorm („een gezonde geest in een gezond lichaam") een samenhang
diejuist door de dichter werd betwijfeld en er waarschijnlijk ook nietis.

10.

Netsurfen brengt ons in feite nergens heen en leidt mogelijk tot een explosieve
toename van veel zittend thuiswerk. Daarom zou de slogan van een bekende
softwaregigant eigenlijk moeten luiden: „Where do you not want to go today?".

11.

A'w eier ha'n, ko'w ei met ham et'n, a'w ham ha'n.
(Tivents voor:Als xveeierenhadden,kondenweeimethameten, alswehamhadden)

12.

Twijfel is een onaangename toestand, zekerheid een absurde. (Voltaire)

13.

Haastige spoed is zelden goed behalve alsje er veelbij bewegen moet.

14. Ren voor je leven!
Stellingen behorendebij het proefschrift "Movement and circulation:population studies on physical
activity andcardiovasculardisease risk"van GertMensink, Wageningen, 22 September 1997
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Abstract
Movement and Circulation: Population Studies on Physical Activity and
Cardiovascular Disease Risk
PhD thesisby GertB.M. Mensink, RobertKoch-Institute, Berlin,Germany, and Agricultural
University Wageningen, TheNetherlands, September22,1997

The relationship of leisure-time physical activity with cardiovascular risk
factors and mortality was determined using data from the German Cardiovascular
Prevention Study, conducted from 1984-1991.Three nationally representative crosssectional samples, with a total of 7689 men and 7747women, ages 25-69,were part
of this study, originally designed to estimate the impact of community intervention
on cardiovascular health. Additionally we analyzed regional cross-sectional and
follow-up samples.
Physically active individuals were more often urbanized, more likely to have
high socioeconomic status, less often smokers and had healthier eating patterns and
lower body mass index. Compared with sedentary individuals, the most active
quartile of men (>18kcal/kg/week spent on conditioning activities) had
significantly favorable levels of serum total cholesterol (-2.5%), HDL/total
cholesterol ratio (+4.2%) and resting heart rate (-4.3%). The most active women
(> 12kcal/kg/week) had significantly better HDL cholesterol (+3.7%), HDL/total
cholesterol ratio (+3.9%), triglycerides (-5.1%), diastolic (-1.3%) and systolic (-1.6%)
blood pressure, body mass index (-2.8%)and restingheart rate (-2.5%).With duration
and intensity constant, significantly better risk factor levels were observed with
increased frequency of physical activity. For active men, we observed a relative risk
of 0.33 (95% CI 0.11-0.94) for cardiovascular disease mortality and of 0.67 (95% CI
0.36-1.25) for all-cause mortality (5-8year follow-up) compared with the least actives,
independent of baseline risk factor levels. The elderly (ages 50-69) showed
substantial benefits from participation in light to moderate activities, such as walking
and cycling, most apparent when conducted frequently (>5times/week). Using data
from the Spandau Health Test (1827men and 2929women, ages 40-80, followed
from 1982-1994) we estimated an all-cause mortality relative risk of 1.7 (95% CI
1.4-2.2) for men and 1.4 (95% CI 1.1-1.8) for women for each 20beats/min higher
resting heart rate.
More than 40% of German adults are sedentary. We recommend them
regularly, preferably daily, to conduct moderately intense activities, such as brisk
walking, running, swimming or cycling, for at least 30 minutes. Elderly may prefer
light activities, such as walking or gardening. An active lifestyle may substantially
improve the cardiovascular risk profile of the German population. For example, if
only 50%of sedentary German men, ages40-69,would become modestly active more
than 6500cardiovascular deaths could be prevented each year.

Kurzfassung
Die Beziehung zwischen korperlicher Freizeitaktivitat und kardiovaskularen
Risikofaktoren sowie Mortalitat wurde anhand von Daten der Deutschen HerzKreislauf-Praventionsstudie (1984-1991) untersucht. Diese Studie — urspriinglich
durchgefuhrt, um die Auswirkung von kommunaler Intervention auf das HerzKreislaufrisiko zu bestimmen — enthielt drei national representative QuerschnittStichproben mit einer Gesamtzahl von 7689Mannern und 7740Frauen im Alter von
25-69Jahren. Zusatzlich wurden regionale Querschnitt- und Longitudinalstudien
ausgewertet.
Es zeigte sich, dafi (in der Freizeit) korperlich aktive Personen eher
Stadtbewohner sind, haufiger einen hohen soziookonomischen Status haben und
nichtrauchen, sichgesunder ernahren und einen geringeren Body Mass Index haben.
Im Vergleich zu inaktiven hatten die korperlich aktivsten Manner (viertes Quartil;
>18 kcal/kg/Woche an konditionsfordernden Aktivitaten) signifikant giinstigere
Werte von Serum-Gesamtcholesterin (-2.5%), Quotient HDL-/Gesamtcholesterin
(+4.2%) und Ruhepuls (-4.3%). Bei den korperlich aktivsten Frauen (>12kcal/kg
/Woche) gab es signifikant bessere Werte von HDL-Cholesterin (+3.7%), Quotient
HDL-/Gesamtcholesterin (+3.9%), Triglyceriden (-5.1%), diastolischem (-1.3%) und
systolischem (-1.6%) Blutdruck, Body Mass Index (-2.8%) und Ruhepuls (-2.5%). Bei
konstanter wochentlicher Sportintensitat und -dauer zeigten sich mit zunehmender
Haufigkeit der Aktivitat signifikant positive Auswirkungen auf die Hohe der
Risikofaktoren. Diekorperlich aktiven Manner wiesen ein geringeres Herz-KreislaufMortalitatsrisiko (relatives Risiko (RR) 0.33; 95% KI: 0.11-0.94) und ein geringeres
Gesamtmortalitatsrisiko (RR 0.67;95%KI:0.36-1.25) iiber einen 5-8jahrigen Zeitraum
im Vergleich zur Gruppe der korperlich am wenigsten Aktiven auf, unabhangig von
der Hohe der anderen kardiovaskularen Risikofaktoren. Altere Personen (Alter
50-69) profitierten gesundheitlich erheblich durch haufig durchgefiihrte (>5
mal/Woche), aber wenig intensive korperliche Aktivitaten wie z.B. Spazierengehen
und Fahrradfahren. In einer Teilgruppe des Spandauer Gesundheitstests (1827
Manner und 2929 Frauen im Alter von 40-80 Jahren, beobachtet von 1982-1994)
wurde ein relatives Risikofur Herz-Kreislaufmortalitat beiMannern von 1.7 (95%KI:
1.4-2.2) und bei Frauen von 1.4 (95% KI: 1.1-1.8) bei einer mittleren Zunahme der
Ruhepulsfrequenz vonjeweils 20pro Minute festgestellt.
Uber 40% der erwachsenen Deutschen sind korperlich inaktiv. Als Empfehlung
fur diesen Personenkreis gilt, regelmafiig, am besten taglich, mindestens 30 Minuten
lang gemaCigt korperliche Aktivitaten durchzufuhren (wie z.B.Laufen, Schwimmen,
Fahrradfahren). Fur altere Personen waren Spazierengehen und Gartenarbeit angemessen. Es wurde geschatzt, dafi mehr als 6500 Herz-Kreislauf-Todesfalle pro Jahr
vermieden wurden, wenn lediglich die Halfte der kSrperlich inaktiven Manner im
Alter von 40-69 Jahren gemafiigten korperlichen Aktivitaten nachginge. Eine
Forderung der korperlichen Aktivitat wiirde einen wichtigen Beitrag zur Gesundheit
der Bevolkerung leisten.

Ook voor mijn ouders
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Chapter

General introduction

„Dertagliche Grundumsatz isterstmals seitMenschengedenken
unter das biologisch notwendige Mindestmaflgesunken."
Wildor Hollmann
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introduction
In ancient times, physical activity was essential for survival and to satisfy
daily needs. Technological advancements resulted in affluent societies
characterized by a highly sedentary lifestyle and high tobacco, alcohol and fat
consumption, most noticably during the last decades. During the last century,
hygiene, medical knowledge and vaccination use improved, resulting in lower
infant mortality rates and a longer life expectancy. These changes are probably
responsible for the increased occurrence of chronic diseases, like cardiovascular disease and cancer, which generally develop at an advanced age.
Cardiovascular disease also affects alarge part of morbidity in middle age and
isresponsible for many premature deaths.
In Germany, cardiovascular disease isthemajor cause of death 1 . In recent
years, a modest decline was observed in former West Germany and a strong
decline in former East Germany. Still about 50% of mortality cases in 1993
were due to cardiovascular diseases (521per 100000 in West, 625 per 100000
in East Germany). Cardiovascular disease is not attributable to a single cause,
it has a multi-factorial etiology and several risk factors have been established
e.g. obesity, diabetes, high levels of low density lipoprotein (LDL) cholesterol,
low levels of high density lipoprotein (HDL) cholesterol and hypertension.
Apart from heredity, lifestyle aspects such as smoking, diet and lack of
physical activity seem to have an important influence on cardiovascular
disease risk factors and occurrence.

Terminologyofphysicalactivity
Physical activity comprises any bodily movement produced by the
contraction of skeletal muscles that substantially increases energy
expenditure 2 . Training or exercise can be regarded as a subset of physical
activity which is planned, structured, repetitive, and has the improvement or
maintenance of physical fitness as an objective. Physical fitness is defined as a
set of attributes that people have or achieve that relates to the ability to
perform physical activity3. Activities which have an exercise potential are
often referred to as conditioning physical activities. Exercise may be classified
as endurance (predominantly aerobic;isotonic and dynamic, prolonged action,
involving large skeletal muscle groups) or resistance (power, strength,
predominantly static and isometric) training. Physical activity occurs
throughout the day, even while sleeping, but major contributions to energy
expenditure come from occupational and leisure-time physical activity.

Introduction
Leisure-time physical activity (which willbe referred to as leisure activity) is
an activity undertaken in the individual's discretionary time that leads to any
substantial increase in the total energy expenditure. The element of personal
choice is inherent to the definition4. Leisure activity may be subdivided into
sports (containing some competitive element), conditioning exercises,
recreational and other activities. Household tasks and being in transit can be
regarded asleisure activity or asdistinctcategories2-3.

PhysicalactivityinGermany
The German population is largely sedentary. Whereas 24% of young
males and 31% of young females (ages 25-29)reportno participation in sports,
for men and women ages 50-59, the reported figures are more than 50% and
almost 60%respectively (seeFigure 1.1).

lirinrkn
no sport

Sportparticipation

> 2 hours per
week
moderate>5timesand>2.5hours
S3vigorous >3timesand>1hour

25-29 30-39 40-49 50-59 60-69

lessthan once aweek any
activity

25-29 30-39 40-49 50-59 60-69

regular activity per week

Leisureactivity
Figure1.1 PhysicalactivitypatternsinformerWestGermany, 1991

About half of the population reports regular participation in leisure
activities like walking, cycling and gardening. 10% of men and 5% of women
perform regular vigorous activity (one hour duration, 3 or more times per
week), but 8.5% of young men and 6% of young women participate less than
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This chapter gives an overview of the objectives, design and results of
the German Cardiovascular Prevention Study, which provided the
data for most analyses presented in the subsequent chapters. The
intervention results,however, arebeyond the scope of this thesis.

Abstract
In sixregions offormer WestGermany, acommunity-orientedpreventionprogramfor
coronary heart disease (CHD)wasconductedovera7-yearperiod. In theintervention
regions,CHD preventionactivitieswereperformed with special emphasis onhealthy
nutrition, increased physical activity, and reduction of smoking, hypertensionand
hypercholesterolemia. The impact of theseactivities on CHD riskfactor trendswas
observed in threeindependent samples oftheinterventionregions. Three independent
representative samples ofthetotalWest German population wereusedasa reference.
Linearregression modelswith interactionterms to representtheinterventioneffects
were used to test for differences in riskfactor trends. In the pooledintervention
regions, anetreduction in mean valuesofsystolic(-2.0%) anddiastolic (-2.0%) blood
pressure, totalserumcholesterol (-1.8%), aswell asthe percentage ofsmokers (-6.7%)
wasobserved compared with thenationwidetrend. FromthemajorCHD riskfactors,
only body mass index was not influenced in the intervention population. The
community-oriented German Cardiovascular Prevention programcan effectivelybe
usedtoreduce CHDriskfactorsinabroadpopulation.

introduction
In the German Cardiovascular Prevention Study (GCP), a communityoriented, multi center disease prevention program was conducted over a
7-year period. The design of the study differs from the traditional design of
cardiovascular intervention trials, in that the six intervention regions, with a
total population of more than a million, are scattered throughout former West
Germany, while the reference population is a representative sample of the
West German population 13 . This design has the advantage that the reference
population (which is not a neighboring control population) will not easily be
influenced by intervention carried out in the study population. Secular trends
and spillover effects can thus bebetter accounted for.
12
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The main goal of the study is to reduce, by primary prevention, the four
cardiovascular risk factors: hypertension, hypercholesterolemia, smoking and
obesity. The desirable reduction of risk factors to be achieved after 7 years of
intervention were pinpointed atthebeginning of the study 1 . As a consequence
of reaching these pinpointed risk factor reductions, an 8% reduction of
ischemic heart disease (ICD 410-414) and cerebrovascular disease (ICD
430-438) should occur in the pooled intervention regions.
Three city districts (of Berlin, Bremen, and Stuttgart), an entire mediumsized city (Karlsruhe) with two small neighboring communities (Bruchsal,
Mosbach), and finally a rural district (Traunstein) were chosen as intervention
regions. When pooled these regions had a similar demographic and
socioeconomic structure as the total West German population. This chapter
presents the effects of broad-scale measures which were realized during nearly
7years of intervention in this large population.

Methods
intervention efforts
In order to achieve a reduction of cardiovascular risk factors in the
intervention communities, the GCP study group tried to improve health
knowledge, awareness, attitude and behavior in the population by
implementing a multifaceted prevention program. To reach these goals,
existing facilities were used and access to health care providers within the
community was extended and improved. This was achieved by close
collaboration with well-established institutions: public health services,
voluntary welfare federations, institutions for adult education, and sports and
consumer associations, with the participation of physicians, medical assistents,
pharmacists, and teachers.
Special emphasis was put on healthy nutrition, more physical activity,
quitting smoking, and the screening of a larger part of the population for
hypertension and hypercholesterolemia. To improve nutritional habits,
campaigns at community festivals, at public events, in restaurants, in
supermarkets, in canteens, and in schools were conducted. Weight reduction
courses and seminars on nutritional topics and menus and information about
ingredients and preparation of foods beneficial to cardiovascular health were
offered. A diet low in meat, fat, salt, and calories was promoted and higher
consumption of vegetables and cereal products was encouraged. Availability
of low-salt and low-fat products was enhanced through the involvement of
13
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local food suppliers. Information spots and advertisements in the local media
were published or broadcast. To enhance physical activity, recreational
sporting events with varying intensity levels and educational sport circuits
were initiated and organized. To discourage smoking, nonsmoking areas in
public places were established. Also conducted were courses to help smokers
quit, anti-smoking campaigns in the localmedia and an intensive anti-smoking
poster campaign.
To reduce hypertension and hypercholesterolemia, blood screenings were
organized at social events, in factories, and at other occasions in close
cooperation with physicians, pharmacists, and health insurance companies. A
large part of the inhabitants of the intervention region was screened. The aim
of these screenings was to enhance awareness about hypercholesterolemia and
hypertension as risk factors. Personal consultations to lower these risk factors
by prevention measures and, if needed, medical treatment were offered. After
the midsurvey, which showed unfavorable trends for cholesterol levels in
several regions, an intensified cholesterol-lowering program that focused on
dietary changes was initiated. Reports of health activities were regularly
published in the local media. During the entire intervention period, individual
consultations, health management programs, regular health festivals, and
health weeks were provided. Comprehensive health information materials
(like brochures, leaflets, and posters) were widely distributed. There were
several hundred health expositions and activities during the intervention time
in each intervention region, which are described in detail4"7 and in summary 1
elsewhere. Improvements in health knowledge, attitudes, and behavior will be
evaluated ina future publication.

EvaluationandSamplingDesign
The impact of intervention efforts is measured by the changes in mean
levels and prevalences of important cardiovascular risk factors. The intended
netreductions are presented inTable 2.1.Representative, independent samples
of the national population of West Germany and of the intervention
populations were examined. For evaluation of risk factor trends, a net sample
of about 1900 men and women ages 25-69 for each intervention region was
examined before intervention (May 1984 until March 1986). At midstudy
(February 1988 until April 1989) and at the end of the intervention period
(April 1991until April 1992) subsequent surveys with about 1400 persons per
region were conducted. Nationally representative reference samples of about
5000persons each were examined in almost the same periods (June 1984 until
April 1986,September 1987until October 1988,and April 1990until May 1991).
14
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For the intervention samples the response rates were 74.5,73.0 and 71.6% and
for thenational samples 66.7,71.4and 69.0%,respectively.
In 1989, the former East and West Germany were unified. Both the final
intervention samples and the reference sample,however, included only former
West Germans. Therefore, bias in risk factors in the samples related to these
population structure changes were avoided. Inaddition, anational survey was
conducted in the same period for the former East German population (8)
which will,however, notbe discussed in this chapter.
Table 2.1Intended andachieved reductions of riskfactors at midstudyandend of study period
(relativechangeinmeansandprevalences)a
Midstudy (1985-1988)
Risk factor
Systolic BP (mmHg)
Diastolic BP (mmHg)
Total cholesterol
(mg/dl)
Smoking
BMI (kg/m^)^
Hypertension e

Prevalences
Means
Target Achieved Target Achieved
-0.7% -1.6%
-0.7% -1.0%
-1.5% +0.9%

-0.4% +0.7%
-6.0%

-2.0%i> -0.5%
-4.0%c +4.6%
-3.5% -7.8%
-2.0% +5.3%
-6.8%

Studyend (1985-1991)
Means
Prevalences
Target Achieved Target Achieved
-1.5% -2.0%
-1.5% -2.0%
-3.5% -1.8%

-1.0% ±0.0%
-13.0%-21.1%

-5.0%b -6.5%
-9.0%= -11.0%
-7.5% -6.7%
-5.0% +1.9%

• Netchange (%)=[(valuelast/valuefirst year) poo [ el j r e g j o n s -(valuelast/valuefirst year) r e f e r e n c e ] x 100;
b
Borderline value:>220 mg/dl
c
Borderline value:>250 mg/dl
d
Borderlinevalue:>25kg/m 2
' According to WHO-criteria

Participants of the intervention samples as well as from the national
samples were invited for a physical examination. The examination included
assessment of height, weight, and systolic and diastolic blood pressure. Blood
pressure was measured twice, while subjects were sitting (second
measurement after 3 min using a Hawksley Random-Zero-Sphygmomanometer); only the second ones were used in the presented analyses. Blood
samples were taken from lying subjects in a nonfasting state. A trained
medical team performed all measurements, whereas an independent team
checked them frequently during the entire survey periods. This team performed cross-checks to ascertain the quality of the field work. Serum was
analyzed at the laboratory of the former Institute for Social Medicine and
Epidemiology of the German Federal Health Office (now Robert KochInstitute). This laboratory participates in the Lipid Standardization Program of
the WHO's Lipid Reference Centre in Prague, Czechoslovakia. Total serum
15
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cholesterol levels and HDL cholesterol levels were analyzed enzymatically
using the CHOD-PAP method 9 on a Technicon SMAC analyzer (Technicon
Instruments Corporation, Tarrytown, NY). The HDL cholesterol fraction was
isolated after precipitation of chylomicrons, VLDL and LDL fractions with
magnesium phosphotungstate 10 .
In addition, the participants received a self-administered questionnaire
pertaining to their medical history and health behavior. Thequestionnaire was
checked for proper completion at the medical examination. The nonrespondents were asked to fill in a short questionnaire. The evaluation of these
questionnaires for the first survey showed no significant differences in
smoking habits and body mass index (BMI) between respondents and
nonrespondents. Also, subsamples of early and late respondents were
analyzed for differences in the main cardiovascular risk factors. Selection bias
due to differences in response rates could not be detected 11 . Details about
study design, sampling, methods, and the scope of questionnaire information
are published elsewherew.

StatisticalAnalyses
The presented results were calculated using a weighting factor to adjust
for slight deviations in the samples of the intended age (5-year age group), sex,
community size, and federal state distribution caused by nonparticipation and
nonrandom information losses. This adjustment makes the intervention and
national samples comparable. The national sample is representative of the
German population 25-69 years of age in 19873.In a previous publication 12 of
preliminary results, a different weighting factor, based on the German
population of 1984was applied. For thepresented final results the more recent
population census data of 1987 were used to construct the weighting factor.
This, however, resulted only in small differences in the presented risk factor
levels.
Net change in risk factor levels was calculated as quotient of value (mean
or prevalence) last survey/first survey in intervention population minus
quotient of value lastsurvey/first survey inreference population.
The differences in trends between the national and the intervention
samples were tested against the null hypothesis: change in risk factor level in
the intervention population does not differ from the national change. To test
this hypothesis, we used a linear regression model with interaction terms for
intervention population and survey period (PROC REG of SAS; Ftest for
contribution of interaction terms to the model). In these models age, sample
(intervention or national reference) and survey time (1985, 1988, 1991) were
16
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added as additional independent variables (Y =age +sample +timei +time2+
sample x timei + sample x time2). The significant contributions of the
interaction terms („sample x time," and „sample x timei') represent the
intervention impacts at midstudy (1988) and end of intervention (1991),
respectively. This model uses the individual as unit of analysis but
simultaneously adjusts for differences in initial levels and variances in the
intervention and reference population samples (units of observation). The
dependent variables (Y)were systolic blood pressure, diastolic blood pressure,
total serum cholesterol, HDL cholesterol, HDL/total cholesterol ratio, and
BMI. For dichotomous outcome variables like smoking, prevalence of
untreated hypertension (according to WHO criteria), or hypercholesteremia, a
logisticregression model was used. The samehypotheses asfor the continuous
variables were tested using the covariance matrices of the logistic model
(Wald-statistic;PROCLOGISTand PROCIMLofSAS;)iW4.
It is assumed, that a reduction in the mean levels of cardiovascular risk
factors will reduce coronary heart disease (CHD) mortality. This reduction will
be most effective if the percentage of people with high risk factor levels can be
successfully lowered. So,changes in prevalences of those with high risk factors
are especially interesting. To test whether these high-risk groups were reached
by intervention, the trends in prevalences of people with cholesterol levels
equal to or above, respectively 220 and 250mg/dl as well as those with HDL
cholesterol levels below 35mg/dl were additionally analyzed. For BMI levels,
those athigher risk were defined asbeing >25kg/m 2 and >30kg/m 2 . Change
inpercentage of hypertensive persons according to WHO criteria (diastole >95
and/or systole ^ 160mmHg) was also verified.

Results
Mean values of the CHD risk factors of interest are presented in Table2.2.
In the reference population, there were no pronounced changes in risk factors
during the study period except an unfavorable rise in serum cholesterol. In the
pooled intervention population, however, changes in risk factors were
observed, almost allin afavorable direction.
For both systolic and diastolic blood pressure, a statistically significant
decrease in the intervention population in relation to the national population
was seen. The decline in systolic and diastolic blood pressure was not as strong
among males as among females (Tables 2.2 and 2.3 and Figures 2.1 and 2.2).
The prevalence of untreated hypertension shows an even more favorable
reduction compared with thereference (Tables 2.4and 2.5and Figure 2.3).
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Figure 2.1 Weighted mean values of systolic blood pressure of the national and intervention
population

The percentage of hypertensive persons was reduced by approximately
21%. The decrease was much stronger (and statistically significant) among
women than among men. In summary, the blood pressure distribution in the
intervention population hasbecome narrower.
mmHg
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1985

1988

1991

Figure 2.2 Weighted mean values of diastolic blood pressure of the national and intervention
population
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Figure2.3 Weighted prevalences ofhypertensionofthenationalandintervention population

The net decrease in serum cholesterol levels was also statistically
significant for both genders, although more obvious in the male intervention
population (see Tables 2.2 and 2.3 and Figure 2.4). This reduction was
accompanied by an unfavorable decline in HDL cholesterol, although not
statistically significant. For men the HDL cholesterol levels decreased; for
women there was no change. However, this does not lead to a significant
change in HDL/total serum cholesterol ratio.
In the intervention population, statistically significant reductions in the
prevalences of persons with hypercholesteremia were achieved (Tables2.4 and
2.5 and Figure 2.5). Relative to the national trend, a 6% reduction in the levels
of those with cholesterol >220mg/dl and an 11%reduction in the levels of
those with cholesterol >250mg/dl was attained after 7years of intervention.
The male population shows a reduction in prevalence of both hypercholesterolemic groups. For women the reduction was within the confidence
bounds. The larger net effects on prevalence of hypercholesterolemia
compared with changes inmeanvalues ispartly due to the reduction of people
having low and very low cholesterol levels at the end of the intervention
period. The percentage of those with low HDL levels (<35mg/dl) was slightly
increased, but not statistically significant. Among women there was a strong
drop in instances oflow HDL.
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Figure 2.4 Weighted mean values of total serum cholesterol of the national and intervention
population

A significant decrease in percentage of smokers in the intervention
regions compared with the national trend was also observed. The reduction
was significant only for the male population (see Table2.5 and Figure 2.6).
Among the group of younger women,no change in smoking habits against the
nationwide trend could be achieved.
prevalence (%

1985

1988

1991

1985

1988

1991

Figure 2.5 Weighted prevalences of cholesterol (£250 mg/dl) of the national and intervention
population
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No obvious change in mean values of the BMI was observed relative to
the national trend. Mean values increased in both intervention and reference
groups among men and women. Men showed an unfavorable net change in
obesity, though not significant (seeTables 2.3and 2.5and Figure 2.7).

Discussion
It is generally assumed, that CHD can be prevented by reducing
cardiovascular risk factors in a population 1517 . In the past, attempts to lower
risk factors in unselected populations or persons at high risk were made in
many countries. Risk factors were influenced by blood pressure and
cholesterol-lowering drugs as well as by means of primary prevention with
varying degrees of success. In a few studies, the successful reduction of some
risk factors was accompanied by a rise in other risk factors. Several of the
important randomized clinical trials and controlled intervention studies did
not achieve a meaningful reduction of CHD 1 8 2 0 or failed to show a decrease,
especially in total mortality21-25. In some of the intervention studies, the study
design did not allow the separation of the observed effects on risk factors
and/or on coronary heart disease mortality from secular trends 2627 . Often
there were not enough morbidity or mortality events to confirm the risk factor
effects.
At present, only a few controlled intervention trials were conducted in a
broader population 2833 . In the North Karelia Project, cardiovascular risk
factors were lowered in the intervention region and also in the reference
population. In the intervention population the decline was only slightly higher
than that in the reference population for serum cholesterol (12.1% intervention
versus 11.5% reference) and blood pressure (6.6% versus 5.9%). Only tobacco
consumption was lowered significantly in comparison with the reference27.
Additional preventive activities in Finland were carried out after the original
trial. After 20years a substantial decline in risk factor levels and an associated
decline in coronary heart disease mortality were observed, but also in the rest
of Finland 2628 . In the Stanford Five-City Project, the reduction of most risk
factors could be confirmed only in a cohort sample with its much stronger
intervention exposure but not in independent cross-sectional samples 30 .
Nevertheless, the risk factor reductions resulted in a 15% decline in total
mortality risk score. More recent U.S. studies showed only limited success in
reduction of risk factor levels, possibly due to already existing favorable
secular trends31-32.
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Figure2.6Weightedprevalencesofsmokersofthenationalandinterventionpopulation

Compared with previously conducted community-based intervention
studies, the GCP could ascertain more significant net reductions in cardiovascular risk factors. The study design was planned for a pooled analysis of
the intervention regions, because together they are comparable with the
national reference. Nevertheless, in afuture publication, the intervention effect
in single regions will be reported. Although the starting levels in both the
pooled intervention regions and the reference region were very similar,
differences in these starting levels have been accounted for in the formulas
used to calculate the net changes and in the multiple linear regression models
used to test the statistical significance of the net changes. Differences in health
behavior between urbanized and more rural areas have been previously
observed34"36.It isunlikely, however, that secular risk factor trends in the GCP
urban regions can account for the effects seen in the intervention population,
since the structure of this population vis-a-vis rural and urban regions,
landscape, and cultural differences, etc.was similar to the reference.
In general, the results show that community-oriented intervention can be
effective in reducing cardiovascular disease risk factors. The levels of the main
CHD risk factors in Germany are high in comparison with present U.S. levels
and some of them are still rising 2 . For several risk factors, the GCP
intervention program could successfully alter these trends.
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Figure 2.7 Weighted prevalencesof body mass index (^30 kg/m ) of the national and intervention
population

It might be that the effects of community intervention are easier to
achieve or to detect against rising risk factor levels, as opposed to realizing an
additional reduction against already declining risk factor levels, as was the
case in the U.S.intervention trials31.Nevertheless, our results demonstrate that
community intervention can be successful in countries where risk factor levels
and trends are unfavorable.
A reduction in blood pressure and total cholesterol level against the
increasing nationwide trend could be achieved during the 7years of
intervention. At the end of the intervention period, the mean levels of these
risk factors are lower than the national levels, although the contrary was the
case at the beginning of the study. It could be argued that the net reduction
was partly achieved by the unfavorable trends in the reference. In the GCP,
however, the reference represents the total of (former West) Germany. This
means that those trends would very likely be the same for the intervention
regions if there was no intervention impact. For these risk factors, the
intervention measures have halted the undesirable national trend. The same
could be observed for the prevalence rates of persons with untreated
hypertension or hypercholesterolemia. The favorable change in cholesterol
levels was not related to a net change in consumption of blood lipid-lowering
medications. We assume this effect was mainly caused by the intensive
cholesterol program after midstudy focused on healthy diet. A reduction of
mean cholesterol levels is often accompanied by an unfavorable decrease in
27
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HDL cholesterol levels. Although not statistically significant, this was also the
case in the GCP.With adapted intervention strategies this side effect should be
avoided in future. However, a certain reduction of HDL cholesterol is hardly
avoidable. The HDL/total cholesterol ratio did not change substantially, so, in
summary, the result of the achieved blood lipid reduction is favorable from a
health perspective.
The failure to reduce BMI in spite of the other reduced risk factors was
also observed in other intervention studies. In the GCP there were no
intensified intervention strategies focused on obesity. Although special
emphasis was put on improvement of nutrition and physical activity, those
intervention measures were not conceived mainly to reduce weight. On the
contrary, the other presented risk factors were allexplicit topics of intervention
activities. Among women, a prevalence reduction in the ^30kg/m 2 BMI
group was observed (although not statistically significant). This could reflect
the differences in motivation and reasons to change nutritional habits between
men and women. For women, the intention to lose weight is stronger than it is
for men, aswe know from their answers inthe questionnaire.
The failure to reduce BMI in the intervention regions could be partly
influenced by the successful reduction of smoking. A rise of BMI after quitting
smoking has been observed before37. Therefore additional analyses of BMI
trends for the groups of smokers, nonsmokers and ex-smokers were carried
out. There was a significantly lower BMI level among the female smokers
compared with the nonsmokers and a significantly higher BMI level among
the male ex-smokers compared with smokers. These results indicate an
interaction of smoking habits and BMI. The failure to decrease BMI will not
disturb the net positive health effect of the changes in other risk factors. In
reviewing theresults of this and other intervention studies, itcanbe concluded
that BMIisthemost difficult risk factor toreduce on acommunity level.
Changes of mean levels in the intervention population compared with the
reference population in this study appear small. These, however, have been
measured in independent samples, thus reflecting changes in a total
population of more than 1200000persons. In the population at risk we could
achieve a substantial decrease of prevalences for the main risk factors. We are
therefore optimistic to find a substantial reduction in CHD mortality in the
intervention population.
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Abstract
The associationof severallifestylefactors with leisure-timephysical activity was
examined from 1990 to 1991 in a representative sample of 2623 men and 2688
women, ages25-69, inGermany. Individualswhowereactive duringleisure time were
less likelytoliveinsmallvillages, tosmokeandgenerallyhadalowerbodymass index
as comparedto sedentary.Men and women with high socioeconomic status were,
respectively,four and three timesmore likelytohave anactiveleisure time than those
with low socioeconomicstatus. After adjustment for age, body mass index,
urbanization,socioeconomic status, smoking and average monthly temperature, they
lessoftenfelt the needtosleepearly,consumed fruit moreoften,salad, whole grain
breadandvitamin supplements,less oftenwhitebread andmeatandahigheramount
offluids ascompared tosedentary individuals.Theywere more likelytobe single and
to eat breakfast regularly. Higher levels of leisure-time physical activity were
associatedwithagenerallyhealthierlifestyle.

introduction
Enhanced leisure-time physical activity is assumed to be protective
against cardiovascular diseases, independent of other risk factors1-9. Regular
physical activity may improve cardiovascular functioning. Benefits include
optimization of blood pressure, the electrical stabilization of the heart muscle,
and changes in metabolic functions10. High levels of leisure-time physical
activity were associated with more favorable cardiovascular risk profiles
including lower blood pressures and totalcholesterol level 1112 .
An overall healthier lifestyle, associated with physical activity, might
partly explain the observed association with cardiovascular disease.
Nutritional habits,medicine consumption and socioeconomic status may differ
between the sedentary and the physically active. Associations of leisure-time
activity with smoking, following a special diet, alcohol consumption, obesity,
marital status,medication use, education and employment were observed13"17.
An insight in such interrelationships on apopulation level isimportant both to
unravel the etiology and for cardiovascular prevention policy. We studied the
relationship of physical activity with lifestyle factors in arepresentative sample
of the former West German population 18 .
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Materialsandmethods
The main purpose of the German Cardiovascular Prevention Study was
to determine changes in cardiovascular risk factors as an effect of community
intervention. The aims and methods are described in detail elsewhere 1920 .
Independent nationally representative samples, contacted by mail, were
examined from June 1984 to May 1986, September 1987 to August 1989, and
April 1990to April 1991infive regions informer West Germany. The sampling
procedure was stratified by five year age groups, sex, community size and
state. In the first survey, residents were invited to undergo a physical
examination at 200 different sample locations (40 per area) in former West
Germany. For the midpoint and final surveys, residents were invited to 100
sample locations (80per area).For the intervention samples the response rates
were 74.5,73.0,and 71.6 %and for the national samples 66.7,71.4,and 69.0 %,
respectively. The evaluation of short questionnaires filled in by nonrespondents of the first survey showed no significant differences in smoking habits
and body mass index between respondents and nonrespondents. Subsamples
of early and late respondents were analyzed for differences in the main
cardiovascular risk factors. Selection bias due to nonresponse was not
observed. In the presented analyses we used data from the final national
survey (1990-1991),comprising 2623men and 2688women, ages25-69.

Data collection
Physical activity, sociodemographic characteristics and other lifestyle
factors, such as smoking and medical history were assessed by a selfadministered questionnaire. The physical activity section was a short
adaptation from the Minnesota leisure-time activity questionnaire 21 and was
previously significantly associated with cardiovascular risk factors and
mortality9'12. The questionnaire included a short food frequency list.
Completion of the questionnaire was supervised by a trained interviewer.
Trained physicians performed medical and anthropometric examinations.
Body weight (kg) and height (m) were measured in light clothes without
shoes 18 . Thebody mass index istheweight divided by the squared height.

variabledefinitions
The questionnaire contained detailed questions about frequency and time
spent during the last three months on 18 leisure-time physical activity
categories, most of which were sport categories. For frequencies of once a
week or more, the hours and minutes spent per week on these activities were
33
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reported. In addition, the average hours spent sleeping, weekly hours at work
and the predominate occupational posture during the day (mainly sitting,
standing, moving, or an almost equal mixture of sitting, standing and moving)
were reported. The questionnaire included a question about profession with
answers classified as laborers, employees, civil servants and self-employed
and subclassified by occupational situation (such as full-time profession, parttime profession, unemployed or retired).
Physical activity was estimated using a conditioning leisure-time physical
activity index in which activities were weighted with metabolic cost units
(MET) obtained from literature 22 . One MET is the energy cost of an activity in
comparison to the resting metabolic rate resembling 1kcal/kg/hour. The
conditioning activity index was constructed using the 15leisure-time physical
activity categories with MET values above 4.5 as described previously 9 . For
each of these categories, the energy expenditure per kilogram body weight
was calculated by multiplying the time spent on this category with the
corresponding METvalue.
According to MET spent per week and per kilogram body weight on
conditioning physical activity, participants were categorized as sedentary (no
conditioning physical activity during leisure time; ca. 50% of the population),
moderate (0-18MET for men and 0-12MET for women) or active (upper
quartile; >18MET for men and >12MET for women). For cross-tabulation
and logistic regression analyses, conditioning activity was dichotomized with
a cut point of 0MET (sedentary vs.active).
A socioeconomic status index was constructed, based on education level,
occupation and household income and was classified in three groups; low,
middle and high socioeconomic status23. In the logistic regression model this
variable was entered as two dichotomous variables with low socioeconomic
status as the reference. Being employed was defined as actually having a job,
unemployed as having no job (but not student, housewife, or pensioner).
Residence size was defined as small (rural, small village, below 5000
inhabitants), middle (between 5000 and 100000 inhabitants), and big (large
cities, above 100000inhabitants). Living in a small village was the reference in
logistic regression analyses.
Marital status was dichotomized as being single (living alone, separated,
or widowed) or living with a partner. Answers to questions assessing stressful
situations at the workplace, such as working overtime, heavy physical work
and high work pressure were dichotomized as „stresses strongly" versus
„stresses little or not at all". Answers to the questions „How often do you

