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Background. This study attempted to assess the time
trends in lifestyle and cardiovascular risk factors in
the Swiss region of Vaud–Fribourg (population
784,000).

Methods. Three surveys (1984/1985, 1988/1989, and
1992/1993), based on independent representative
samples (n = 3,300) of the population ages 25 to 74,
were conducted within the framework of the interna-
tional WHO–MONICA Project.

Results. The most favorable changes were observed
in reported behaviors: increased physical activity in
leisure time, healthier dietary habits (switch from un-
skimmed milk, butter, and meat to skimmed milk, mar-
garine, and fish, with no change for fruits and veg-
etables), and lower prevalence of regular smoking
among men (from 32 to 28%). Body mass index did not
vary significantly, apart from an increase in the preva-
lence of obesity among men (from 11 to 15%). Total
cholesterol varied only slightly, while the HDL choles-
terol levels decreased steadily (from 1.37 to 1.19
mmol/L among men; from 1.59 to 1.51 among women).
Average systolic blood pressure regressed among
women (from 127.2 to 124.4 mm Hg), while the preva-
lence of untreated hypertension increased among
older men.

Conclusion. The self-reported changes in lifestyle
were only partially reflected by favorable trends in
objective measurements. Physical activity, even at
moderate intensity, and consumption of fruits, veg-
etables, and fiber in general should be promoted.
© 1997 Academic Press
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INTRODUCTION

Beneficial changes in known coronary heart disease
(CHD) risk factors (such as diet, blood lipids, blood
pressure, and smoking) have been found to be associ-
ated with the decline of mortality from CHD in many
developed countries [1–4]. Aggregate data of food con-
sumption and results of health surveys were used in
general to monitor the evolution over time of the risk
factor levels in the population. However in many coun-
tries, existing surveys were based on particular sub-
groups or were not periodically replicated, and extrapo-
lating trends proved difficult under these circum-
stances [5]. Furthermore, to what extent the observed
drop in CHD mortality resulted from reduction in
risk had to be assessed against the potential concur-
rent influence of improved medical care. Such assess-
ments have been attempted by reviewing and balanc-
ing the evidence from heterogeneous data sources
[6,7].

In Switzerland, as in most western European coun-
tries, the decline of mortality from CHD started in the
1970s with a delay of 10 to 15 years in comparison with
the United States [8]. Time trends in dietary habits
and CHD risk factor levels cannot be measured reliably
before 1985 because no periodic population-based
health survey had been conducted in the country up to
that year. The present paper reports on the first as-
sessment on such time trends based on three consecu-
tive health examination surveys conducted in the
Swiss region of Vaud–Fribourg over the period 1984–
1993, within the framework of the international re-
search project MONICA (‘‘Monitoring of trends and de-
terminants in cardiovascular disease’’). The contribu-
tion of the observed risk factor changes to the CHD
mortality fall can be sized up because time trends in
hospitalization for acute ischemic heart disease, medi-
cal care, and case fatality were measured in parallel.
These data are crucial in defining new strategies in the
prevention of myocardial infarction at regional and na-
tional levels.
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POPULATION AND METHODS

The MONICA Project

The international research project was launched in
1980 by the World Health Organization to contribute
to the understanding of changes in mortality from
CHD [9]. The project consists in measuring with stan-
dardized instruments the trends in CHD risk factors,
incidence, hospital management, case fatality, and
mortality in various populations over a 10-year period
[10]. Thirty-eight regions in 21 countries participated
in this study. Three Swiss cantons (Vaud, Fribourg,
and Ticino) took part in the MONICA project. Data
from the neighboring cantons of Vaud and Fribourg,
situated in the southwestern part of Switzerland, pre-
dominantly French-speaking, with 784,000 inhabit-
ants in 1990, are presented here.

Sampling Procedure

Trends in the prevalence of risk factors have been
measured through three consecutive surveys (1984/
1985, 1988/1989, and 1992/1993), based on indepen-
dent representative samples of the resident population
aged 25 to 74 years. The same two-stage sampling pro-
cedure was used in the three surveys [11]. First, a
sample of 51 of the 651 communes of the region was
drawn, after stratification according to their number of
residents. Second, a random sample of the residents
was drawn from the population files of the communes.

The selected persons were invited to attend a health
examination in their commune of residence and to com-
plete a self-administered questionnaire about their so-
ciodemographic characteristics, dietary intakes, and
lifestyle habits.

Food Questionnaire

The 24-h recall method was used, participants hav-
ing to tick on a list of food items what they ate or drank
on the day before the health examination. Other ques-
tions concerned specific dietary habits, and several
scores were built empirically using these questions to
characterize the responder’s lifestyle. Consistent
changes over time were observed in the score of ‘‘fatty
diet,’’ ranging from 0 to 4 and formed by adding 1 point
for each of the following habits: buttering bread, cook-
ing in butter, seldom cutting off apparent fat from
meat, and drinking unskimmed milk. This score is
probably the best indicator of fat intake that can be
derived from the short food questionnaire.

Physical Activity Questionnaire

Participants were asked to categorize their physical
activity at work, including household chores for house-
wives, into one of four proposed groups (mostly sitting,
mostly standing or walking; moderate efforts, or heavy

work) and their leisure-time activity into one of three
groups (mostly sitting; regular walking, cycling, or gar-
dening; or regular sports training). An additional ques-
tion concerned the frequency of sports practice (never,
rarely, once a week, or several times a week). The ques-
tionnaire has been validated with a more objective
measure of physical activity, the number of impulses
recorded by a pedometer worn during a week, in a sub-
sample of participants of the second survey [12]. In
both sexes, the average pedometer count was found to
increase linearly across subjects classified into three
categories: sedentary leisure, more active leisure, and
participating in sports more than once a week. There-
fore, a score of leisure-time physical activity was built
up, worth 0, 1, and 2 according to whether the partici-
pant belonged to the first, second, or third category,
respectively.

Blood Lipids

The subjects were nonfasting, the hour of the health
examination varying from 8:00 to 20:00. A venous
blood sample was drawn from each subject, with the
tourniquet being loosened as soon as the blood flow was
established. In the first survey blood was collected in
heparin-containing tubes and the lipid concentrations
were measured in plasma. In the second and third sur-
veys, the blood samples were allowed to clot at room
temperature and serum was used. In the three sur-
veys, centrifugation took place within 2 hr.

Total cholesterol was determined enzymatically usu-
ally on the following day using a Boeringher testkit.
The same method was applied to high-density lipopro-
tein (HDL) cholesterol after precipitation with magne-
sium phosphotungstate. No correction factor was used
to allow for plasma-serum differences in total choles-
terol concentrations as these differences are found not
significantly different from 0 when using a heparinized
anticoagulant in a recent study [13].

The laboratory determinations of total and HDL cho-
lesterol satisfied the internal routine controls of intra-
day and interday repeatability. The WHO regional
Lipid Reference Center for Europe, in Prague, orga-
nized continuous external quality control by sending
blind sets of lyophilized samples periodically to the
laboratories of all MONICA collaborating centers.
Laboratory results were considered acceptable if their
percentage of deviation from control sample value was
not to exceed 5% for total cholesterol and 7.5% for
HDL. In the Vaud–Fribourg region, laboratory perfor-
mance satisfied the quality requirement for total cho-
lesterol over the three surveys. Determination of HDL
proved more problematic: a systematic bias was ob-
served during the first survey period (1984–1985), with
an underestimation of 15–20% of the HDL control
sample values. Therefore HDL values of the first sur-
vey was multiplied by 1.17 to be corrected for this per-
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sistent deviation, attributed to a matrix effect in the
use of the lyophilized samples [14].

The cutoff point for high cholesterol was fixed to 6.5
mmol/L according to the recommendations of the Swiss
Society of Cardiology [15].

Body Mass Index

Height and body weight were measured with partici-
pants standing without shoes and heavy outer gar-
ments. Body mass index (BMI) was calculated as
weight divided by height squared (kg/m2) as a measure
of relative weight. A BMI value over 30 served as defi-
nition of obesity for both sexes.

Blood Pressure

Blood pressure (BP) was measured two consecutive
times on the right arm using a random-zero sphygmo-
manometer, with the subject in the sitting position af-
ter at least 15 min of rest. The observed values were
recorded to the nearest 2 mm Hg with diastolic blood
pressure being determined at the beginning of Korot-
koff phase V. Blood pressure levels were taken as the
mean value of the two readings and WHO criteria were
adopted in the definition of high blood pressure (sys-
tolic BP ù 160 mm Hg and/or diastolic BP ù 95 mm
Hg). Participants were asked whether they had ever
been told by medical personnel that their blood pres-
sure was high and whether they had taken drugs for
high blood pressure within 2 weeks prior to the exami-
nation. All the BP measurers followed the same train-
ing procedures in order to reduce to minimum the in-
terindividual differences.

Data Analysis

The mean levels of the risk factors and the preva-
lence rates of persons at high risk are presented sepa-
rately for each sex according to three age groups of
roughly comparable size (25–39, 40–54, and 55–74
years) and overall. Overall values are standardized by

age, taking the Swiss population of the 1990 census as
the reference population.

The between-surveys differences in the risk factor
mean levels were tested for time trend using a linear
model within the classical analysis of variance frame-
work. Similarly the Mantel–Hanszel x2 test for linear
association was applied to assess the changes in the
risk factor prevalence rates over the three surveys. All
data analyses were carried out using the statistical
software SPSS [16].

As participation rates varied substantially from sur-
vey to survey, inducing significant differences in the
sociodemographic distribution of the participants
(Table 1), the time trend analysis was run a second
time by adjusting the risk factor levels for nationality
and educational attainment. This adjustment cor-
rected only slightly the risk factor levels and affected
neither the magnitude of change nor the statistical sig-
nificance of the time trends. Unadjusted results are
therefore presented.

Further analytical efforts were aimed at identifying
changes in lifestyle that are likely to have induced the
observed changes in risk factors. To this purpose, the
time trends in the responses to the lifestyle question-
naire were assessed in the same way as for risk factors
within each sex–age group. If, in several of these
groups, both the prevalence of a given lifestyle habit
and the level of a given risk factor changed signifi-
cantly over the study period (test for time trend with P
< 0.05) and if their changes across the surveys were
highly correlated (correlation coefficient >90%), the
lifestyle habit was considered a potential determinant
of the risk factor time trend.

RESULTS

Participation

Independent random samples of 3,300 persons were
drawn for each of the three surveys, with successive
overall participation rates of 57, 61, and 53%. In the

TABLE 1
Sample Size, Participation Rates, and Characteristics of Participants According to Sex: MONICA–Switzerland,

Vaud–Fribourg, 1984–1993

Men Women

1984–1985 1988–1989 1992–1993 1984–1985 1988–1989 1992–1993

Sample size 1,629 1,657 1,596 1,670 1,642 1,703
Participation rates (%) 59.4 62.4 52.8 55.3 59.5 52.8
No. of participants 968 1034 843 923 977 899
Age group 25–39 (%) 37.1 37.6 37.1 38.7 35.7 37.9
Age group 40–54 (%) 34.5 31.6 36.4 31.5 34.1 36.2
Age group 55–74 (%) 28.4 30.8 26.5 29.8 30.2 25.9
Foreign nationality (%) 13.6 19.9 19.9 10.2 12.0 15.8
Low educational attainmenta (%) 20.6 23.1 18.1 41.4 39.1 30.4

a Obligatory school only (up to 15 years).
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three surveys, the highest participation rate was ob-
served in the persons ages 40 to 54, because it was
more difficult to reach younger people and to convince
older people. Participation was generally lower among
women than among men, with a marked difference in
the age group 55 to 74. The variation of participation
rates throughout the three surveys is attributable to
various mechanisms. In the first survey, a poorer en-
rollment of foreigners was observed; in the third sur-
vey, the rejection rates were substantially higher in
each sex and age group. The proportion of participants
with low educational attainment remained relatively
stable over time for men, whereas it dropped substan-
tially in the last survey for women (Table 1).

Smoking, Physical Activity, and Dietary Habits

Changes over time in the three lifestyle indicators
are presented in Table 2. The proportion of regular
cigarette smokers reached a peak at the second survey
in the age group 25 to 39 for both sexes. In the higher
age groups (40 to 54 and 55 to 74), the prevalence of
smokers decreased for men and increased for women
over the three surveys, although the time trend was
statistically significant only for middle-aged men. On
the other hand, the average daily number of cigarettes
(per current smoker) did not change significantly in
either sex–age group (data not shown).

An increase over time in the mean score of reported
leisure-time physical activity was observed among
both sexes. This upward trend was the most marked in
the older participants (55–74), with a high level of sta-
tistical significance. On the other hand, the proportion
of men reporting moderate or high physical activity at

work declined significantly (from 33% in 1984–1985 to
27% in 1992–1993).

A decline in the score of fatty diet was observed over
the study period in each sex–age group. This trend is
compatible with substantial changes over time in the
responses to the 24-h recall food questionnaire, as rep-
resented in Fig. 1. There was an significant upward
trend in the intake of margarine (from 32% in 1984–
1985 to 38% in 1992–1993), skimmed milk (from 18 to
23%), and fish (from 10 to 16%), with a corresponding
decline in the daily intake of butter (from 75 to 65%),
unskimmed milk (from 40 to 31%), and meat (from 85
to 80%). Only minor changes were observed for fruits
(from 68 to 69%), raw vegetables (from 70 to 71%), and
starches (from 97 to 98%). The intake of wine de-
creased significantly over time (from 47 to 39%), espe-
cially among men, who tended to more frequent beer
drinking.

Blood Lipids

The mean level of total cholesterol, as well as the
prevalence of high cholesterol, rose from the first to the
second survey and turned back in the third survey,
whereas mean HDL cholesterol levels decreased stead-
ily and significantly over time (Table 3). This pattern of
evolution of the blood lipids was observed among both
sexes across all age groups, except among older women,
whose HDL mean level remained stable throughout
the three surveys. The decline in average HDL choles-
terol was more marked among men than among
women.

Among significant time trends in lifestyle factors,
the declining score of fatty diet emerges as a potential

TABLE 2
Trends in Smoking, Leisure-Time Physical Activity, and Dietary Habits According to Sex and Age: MONICA–Switzerland,

Vaud–Fribourg, 1984–1993

Men Women

Variable Age

Survey Trend Survey Trend

1984–1985 1988–1989 1992–1993 Changea Pb 1984–1985 1988–1989 1992–1993 Changea Pb

Regular 25–74c 32.3 34.2 27.8 −4.5 * 22.8 25.5 24.8 +2.0 NS
cigarette 25–39 36.2 42.7 37.1 +0.9 NS 32.5 37.2 32.8 +0.3 NS
smokers (%) 40–54 33.5 32.1 23.8 −9.7 ** 20.6 22.8 25.2 +4.6 NS

55–74 25.8 25.5 20.2 −5.6 NS 12.7 13.2 13.7 +1.0 NS

Score of 25–74c 0.87 0.93 1.01 +0.14 *** 0.75 0.80 0.88 +0.13 ***
physical 25–39 0.93 1.00 1.08 +0.15 ** 0.86 0.82 0.93 +0.07 NS
activity 40–54 0.88 0.88 0.95 +0.09 NS 0.76 0.82 0.87 +0.11 NS
(mean) 55–74 0.79 0.89 1.00 +0.21 *** 0.60 0.74 0.82 +0.22 ***

Score of 25–74c 2.00 1.91 1.80 −0.20 *** 1.75 1.48 1.47 −0.28 ***
fatty diet 25–39 2.08 1.96 1.92 −0.16 NS 1.86 1.60 1.56 −0.30 ***
(mean) 40–54 1.94 1.84 1.75 −0.19 * 1.76 1.43 1.45 −0.31 ***

55–74 1.96 1.92 1.72 −0.14 * 1.60 1.37 1.36 −0.24 *

a Change from 1984–1985 survey to 1992–1993 survey.
b Test for time trend over the three surveys (see Population and Methods): *P < 0.05; **P < 0.01; ***P < 0.005; NS, not significant.
c Directly age standardized with the 1990-census Swiss population as standard.
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determinant of the HDL cholesterol decline among
both sexes, according to the criteria defined under
Population and Methods. Furthermore, the falling fre-
quency of wine drinking and the rising frequency of
fish eating come out as other potential determinants
among men.

Body Mass Index

Weight and height tended to increase in parallel over
the three surveys in most age groups (data not shown).
As a result little change was observed in mean BMI
levels apart from a significant upward trend for women
ages 55 to 74 (Table 4). The prevalence of obesity var-
ied significantly over time only in middle-aged men for
whom the declining rate of regular cigarette smokers
appears as a potential determinant of their gain in
BMI.

Blood Pressure

Both systolic and diastolic mean levels, as well as the
prevalence of high blood pressure, increased signifi-
cantly among men ages 55 to 74. Similar tendencies
were only sketched out in those ages 40 to 54 and ab-
sent among younger men. Women experienced a 3 mm

Hg decline of their average systolic blood pressure in
all age groups, whereas no time trend was observed in
their diastolic values (Table 5). Changes over time in
the distribution of blood pressure values also differed
between sexes. The distributions of both male systolic
and diastolic values stretched out to the right in the
age group 55 to 74 while the whole distribution of fe-
male systolic blood pressure has shifted down by 3 mm
Hg in all age groups. The rising prevalence of high
blood pressure among older men was mainly due to an
increase in the prevalence of untreated hypertension.
The proportion of men ages 50 to 74 showing high blood
pressure values at health examination and not cur-
rently undergoing drug treatment nearly doubled from
11% in the first survey to 20% in the third. In the three
surveys, half of these men were already medically
screened for high blood pressure.

For women in the age groups 25 to 39 and 40 to 54,
the decreases in the mean score of fatty diet and in the
frequency of meat intake fulfill the criteria for being
considered potential determinants of the downward
trend in their average systolic blood pressure.

CHD Event Rate

Changes over time in CHD mortality in the Vaud–
Fribourg region can be monitored using the data of the
federal statistics of deaths. The annual age-
standardized CHD mortality rate (ICD-8 410-414) in
the population ages 25 to 74 decrease by 28% for men
(from 149 in 1985–1987 to 108 in 1991–1993, per
100,000 persons) and by 19% for women (from 38 to
31). On the other hand, as part of the MONICA project,
all the hospital admissions due to myocardial infarc-
tion (with probable or definite diagnosis) have been
registered during the study period among men. In the
latter, the hospitalization rate regressed by 10% (from
247 to 221). Finally, adding up these hospital admis-
sions and CHD deaths (apart from deaths within 28
days of hospital admission in order to avoid double
counts) allows the calculation of the overall male CHD
event rate, which declined by 14% (from 366 to 313).

International Comparison

The CHD risk profile, incidence, and mortality rate
of the Vaud–Fribourg region in 1984 can be outlined
from comparative data of the 38 MONICA collaborat-
ing centers [10,17]. The Swiss region ranked low for
CHD event rates and mortality rate and, with respect
to risk factors, low for blood pressure levels, middle for
BMI levels and the prevalence of cigarette smoking,
and among the highest for total cholesterol levels. No
data were presented for HDL cholesterol.

The risk factor changes over the period 1984–1993
can be compared with similar trends reported from
consecutive health examination surveys in West Ger-

FIG. 1. Daily intakes of selected foods and drinks: difference in
prevalence rates between first survey (1984–1985) and third survey
(1992–1993).
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many [18], Finland [19], and the United States [20,21].
The results of these studies are summarized in Table 6.

The changes over time in the proportion of regular
smokers are strikingly similar in the different coun-
tries, both for the direction and for the magnitude of
change according to sex, irrespective of the current
prevalence of smoking. Average concentrations of total
cholesterol are similar in the Vaud–Fribourg region
and in Germany, and much higher than in the other
countries. Swiss levels have begun to decline over the
past years while German levels are still rising. The
United States and Finland experienced a steady de-
crease in total cholesterol since 1970 which persisted
over the study period. The HDL cholesterol concentra-
tions measured in the Vaud–Fribourg region are on
average lower than the German levels and comparable

to the American levels. However, mean HDL choles-
terol values decreased over the past decade in the
Swiss region while they increased in Germany and the
United States. In parallel, higher levels and a more
marked increase over time were observed for BMI in
the two latter countries. Blood pressure offers the most
contrasted evolution, with a substantial decrease in
both systolic and diastolic values for both sexes in Fin-
land (where the initial levels were, however, very
high), but with more complex pattern of change in Ger-
many and Switzerland.

DISCUSSION

Risk factors were monitored in the Vaud–Fribourg
region, as in all MONICA centers, through periodic

TABLE 4
Trends in Body Mass Index According to Sex and Age: MONICA–Switzerland, Vaud–Fribourg, 1984–1993

Men Women

Variable Age

Survey Trend Survey Trend

1984–1985 1988–1989 1992–1993 Changea Pb 1984–1985 1988–1989 1992–1993 Changea Pb

Mean BMI 25–74c 25.9 25.8 26.1 +0.2 NS 24.4 24.7 24.6 +0.2 NS
(kg/m2) 25–39 24.9 24.7 24.8 −0.1 NS 23.1 23.0 22.9 −0.2 NS

40–54 26.2 26.2 26.7 +0.5 NS 24.9 24.7 24.6 −0.3 NS
55–74 27.0 26.7 27.3 +0.3 NS 25.7 26.8 26.7 +1.0 *

Prevalence (%) 25–74c 11.4 10.7 14.6 +3.2 * 10.8 10.6 10.1 −0.7 NS
of obesity 25–39 6.1 4.6 7.0 +0.9 NS 3.4 4.0 5.3 +1.7 NS
(BMI >30 kg/m2) 40–54 10.8 12.2 17.9 +7.1 ** 13.1 9.0 8.3 −4.8 NS

55–74 18.9 17.0 20.6 +1.7 NS 17.8 21.0 18.5 +0.7 NS

a Change from 1984–1985 survey to 1992–1993 survey.
b Test for time trend over the three surveys (see Population and Methods): *P < 0.05; **P < 0.01; NS, not significant.
c Directly age standardized with the 1990-census Swiss population as standard.

TABLE 3
Trends in Blood Lipids According to Sex and Age: MONICA–Switzerland, Vaud–Fribourg, 1984–1993

Men Women

Variable Age

Survey Trend Survey Trend

1984–1985 1988–1989 1992–1993 Changea Pb 1984–1985 1988–1989 1992–1993 Changea Pb

Mean total 25–74c 6.22 6.36 6.13 −0.09 NS 6.06 6.19 5.99 −0.07 NS
cholesterol 25–39 5.81 5.94 5.76 −0.05 NS 5.42 5.60 5.42 −0.01 NS
(mmol/L) 40–54 6.53 6.71 6.35 −0.18 NS 6.13 6.21 5.95 −0.18 NS

55–74 6.42 6.49 6.38 −0.04 NS 6.81 6.93 6.80 −0.01 NS

Prevalence (%) 25–74c 35.9 38.8 33.2 −2.7 NS 30.2 33.4 29.3 −0.9 NS
of high total 25–39 24.0 27.5 22.0 −2.0 NS 12.9 15.2 11.4 −1.4 NS
cholesterol 40–54 44.9 49.8 38.1 −6.8 NS 31.6 34.5 27.1 −4.5 NS
(>6.5 mmol/L) 55–74 41.5 40.9 42.2 +0.7 NS 51.3 55.9 55.4 +4.1 NS

Mean HDL 25–74c 1.37 1.26 1.19 −0.18 *** 1.59 1.55 1.51 −0.08 ***
cholesterol 25–39 1.37 1.25 1.18 −0.19 *** 1.60 1.56 1.52 −0.08 ***
(mmol/L) 40–54 1.38 1.27 1.20 −0.18 *** 1.65 1.55 1.54 −0.11 ***

55–74 1.34 1.26 1.21 −0.13 *** 1.51 1.55 1.47 −0.04 NS

a Change from 1984–1985 survey to 1992–1993 survey.
b Test for time trend over the three surveys (see Population and Methods): ***P < 0.005; NS, not significant.
c Directly age standardized with the 1990-census Swiss population as standard.
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population-based health examination surveys using
standardized sampling and measurement methods.
However, maintaining comparable observational con-
ditions over a 10-year period is a difficult process be-
cause of unavoidable changes in population selection,
enrollment, examiners, and laboratory. Therefore cer-
tain observed risk factor time trends might be due to
drifts in the sampling, participation, or measurement
biases. Adjustment methods and correction factors

used to control for these biases are described and jus-
tified under Population and Methods.

The overall participation rates in the Vaud–Fribourg
region, which varied between 53 and 61% in the three
surveys, were low in comparison with those observed in
the other MONICA centers, ranging from 54 to 89%
[17]. However the level of participation has to be ap-
praised in relation to the sampling frame, which was
actually population based, including foreigners and in-

TABLE 6
Recently Reported Trends in Major Cardiovascular Risk Factors in Different Countries: Mean Annual Change and

Current Risk Factor Levels

Switzerland Germany Finland United States

Region Vaud–Fribourg Whole country North Karelia Whole country
Age group 25–74 25–69 30–59 20–74

Study period 1984–1993 1984–1991 1982–1992 1976–1991
No. of surveys 3 3 3 2

Men Women Men Women Men Women Men Women

Regular smoker (%) Changea −0.56 +0.28 −0.40 +0.22 −0.40 +0.20 NA NA
Final level 27.8 25.1 39.2 28.0 32.0 17.0

Cholesterol Changea −0.011 −0.011 +0.015 +0.013 −0.045 −0.055 −0.013 −0.019
(mean in mmol/L) Final level 6.14 5.97 6.09 6.16 5.85 5.56 5.30 5.30

Prevalence chol Changea −0.40 −0.34 NA NA −1.20 −2.20 −0.50 −0.66
>6.5 (%) Final level 33.2 28.5 28.0 17.0 13.0 15.0

HDL cholesterol Changea −0.023 −0.010 +0.005 +0.012 NA NA +0.003 +0.004
(mean in mmol/L) Final level 1.19 1.51 1.34 1.74 1.19 1.45

BMI Changea +0.03 +0.01 +0.05 +0.07 NA NA +0.07 +0.07
(mean in kg/m2) Final level 26.1 24.5 26.8 26.2 26.3 26.3

Systolic blood pressure Changea +0.09 −0.43 +0.10 +0.38 −0.32 −0.56 NA NA
(mean in mm Hg) Final level 133.1 123.9 135.3 131.1 141.5 135.5

Diastolic blood pressure Changea +0.09 +0.03 −0.10 +0.08 −0.21 −0.50 NA NA
(mean in mm Hg) Final level 83.1 77.0 83.4 80.3 84.6 79.5

a Change from first to last survey, divided by the number of in-between years.

TABLE 5
Trends in Blood Pressure According to Sex and Age: MONICA–Switzerland, Vaud–Fribourg, 1984–1993

Men Women

Variable Age

Survey Trend Survey Trend

1984–1985 1988–1989 1992–1993 Changea Pb 1984–1985 1988–1989 1992–1993 Changea Pb

Mean systolic BP 25–74c 132.4 131.1 133.4 +1.0 NS 127.2 125.4 124.4 −2.8 ***
(mm Hg) 25–39 127.2 124.9 126.9 −0.3 NS 117.1 116.2 114.6 −2.5 **

40–54 131.7 129.5 131.5 −0.2 NS 126.0 124.3 122.8 −3.2 *
55–74 139.9 141.1 143.9 +4.0 * 141.8 138.9 138.9 −2.9 NS

Mean diastolic BP 25–74c 81.5 79.2 83.1 +1.6 ** 76.8 74.7 77.1 +0.3 NS
(mm Hg) 25–39 79.3 76.7 79.4 +0.1 NS 73.0 71.2 73.0 0.0 NS

40–54 83.5 80.6 85.3 +1.7 * 78.5 75.6 78.6 +0.1 NS
55–74 82.2 80.9 85.5 +3.3 *** 80.0 78.3 80.8 +0.8 NS

Prevalence (%) 25–74c 12.2 9.6 16.8 +4.6 ** 9.8 6.3 8.4 −1.0 NS
of high BP 25–39 6.7 2.3 6.1 −0.5 NS 2.5 0.6 1.5 −1.0 NS
(systolic ù160 and/or 40–54 14.4 10.1 18.6 +4.2 NS 7.9 3.6 6.8 −1.1 NS
diastolic ù95) 55–74 17.1 18.6 28.7 +11.6 *** 21.5 16.9 19.3 −2.2 NS

a Change from 1984–1985 survey to 1992–1993 survey.
b Test for time trend over the three surveys (see Population and Methods): *P < 0.05; **P < 0.01; ***P < 0.005; NS, not significant.
c Directly age standardized with the 1990-census Swiss population as standard.
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stitutionalized persons. Poor enrollment raises the pos-
sibility of underrepresentativeness of groups of popu-
lation at particular risk for CHD and may lead to sys-
tematic biases in the assessment of the associated risk
factors levels in either survey. To identify such poten-
tial biases, the participants of the second survey in the
Vaud–Fribourg region were compared with the non-
participants who agreed to answer a short health ques-
tionnaire [22]. Sedentary leisure-time activity and a
previous cholesterol screening were found significantly
more prevalent among nonparticipants. These charac-
teristics were associated with higher total cholesterol
levels in each survey, but the intersurvey changes in
their prevalence rates do not correlate with the
changes in blood lipids.

The MONICA surveys were designed to monitor a
large spectrum of CHD risk factor levels in represen-
tative samples of the overall population, and this per-
spective limits the use of sophisticated instruments
like high-technology investigation procedures or elabo-
rate questionnaires. On one hand, it is a difficult task
to select relevant measures and indicators from a list of
CHD risk factors [23] which has to be updated periodi-
cally. For example, in this study, fibrinogen and post-
prandial lipids were not measured. On the other hand,
a quantitative nutrition questionnaire would have pro-
vided a more reliable assessment of the habitual diet
than the questionnaire based on the 24-h recall method
[24]. Furthermore, it would have brought information
about intake of calories, fat, fiber, sodium, potassium,
alcohol, coffee, and micronutrients. However the re-
ported changes over time in diet were overall coherent.

The changes in smoking habits across the three sur-
veys, in the Vaud–Fribourg region, differed according
to the age group. The proportion of regular cigarette
smokers turned back consistently for both sexes in the
age group 25 to 39 years and this reversion, while
needing statistical confirmation, has to be encouraged
practically. In the higher age groups, the prevalence of
smoking dropped for men and rose for women. Specific
measures should be taken to weaken the increasing
female proneness to cigarettes, especially among
middle-aged women who also became significantly
more reluctant to stop smoking (data not shown). The
number of cigarettes smoked per day changed little on
average, but an upward trend may have been obscured
by an increase in underreporting over time, as ob-
served in other countries [19,25]. However social and
political acceptability of smoking is high in Switzer-
land where any comprehensive strategy against to-
bacco consumption is lacking, with no information
campaign, no price policy, and few restrictions on ad-
vertising (a ban on cigarette advertising has recently
been rejected by referendum [26]).

Men and women reported higher leisure-time physi-
cal activity over the three surveys, but this trend was
partially counteracted by a decline in physical activity

at work. Furthermore, the increase in the leisure-time
physical activity score was more marked in the oldest
age group (55–74), corresponding to an increase in
‘‘soft’’ physical activities (i.e., walking and gardening)
rather than in aerobic and vigorous exercise. These
mechanisms might explain why HDL cholesterol,
which proved a reliable marker of physical activity ef-
fort at high levels [27], did not rise in response to the
upward trend in more effort-demanding leisure time.
Regular moderate-intensity activity should be encour-
aged as it has been shown to provide substantial health
benefits, including a lower risk of CHD [28], and to be
achieved and maintained in promotion programs [29].

The changing pattern of food consumption observed
in the Vaud–Fribourg region was characterized by the
lowering score of fatty diet and by the switch from but-
ter toward margarine, from unskimmed toward
skimmed milk, and from meat toward fish. These
changes led very likely to the reduction in the intake of
total fat or, at least, of saturated fat in the average
diet. On the other hand, the frequencies of daily in-
takes did not change significantly across the three sur-
veys for fruits, vegetables, and starches. As a result,
there was no significant shift from an animal-based
diet to a plant-based diet, presumably richer in fiber,
contrary to the recommendations of American public
health professionals [30]. To what extent the cardio-
protective effects of such a dietary shift is caused by the
decrease in saturated fat intake and by the increase in
fiber intake is still controversial [31].

Average total cholesterol concentration levels in-
creased from the first to the second survey and fell in
the third survey slightly below their initial level. The
same pattern of evolution was observed for the preva-
lence of high cholesterol. The peak in the second survey
occurred uniformly in all sex–age groups and raises the
possibility of a systematic measurement error in 1988–
1989, but the external quality control of laboratory per-
formance did not detect any consistent bias over that
time interval.

A steady decline in the average HDL concentrations
was observed over time across all sex–age groups when
HDL values of the first survey were corrected for a
systematic bias in laboratory analysis. This decline is
highly correlated with the drop in the average score of
fatty diet and the correlation is physiologically plau-
sible insofar as low-fat diets have been found to reduce
generally HDL levels [32]. Furthermore, among men,
the more accentuated HDL downward trend is also sig-
nificantly associated with the lowering alcohol intake,
which is known to influence directly HDL cholesterol
[33]. The lesser reduction of HDL levels among women
might be due to an increase in estrogen use, which
modifies the profile of blood lipids [34]. Unfortunately,
no information was available about trend in estrogen
use over the study period, although the trend in use is
likely to be upward as observed in other countries [35].
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The steady decline of the HDL cholesterol levels over
the study period, in parallel with inconsistent varia-
tion of total cholesterol, raises concern about potential
increase in the risk of CHD.

Declining HDL levels, in parallel with relatively
stable total cholesterol levels, has been reported re-
cently in other countries [36–38]. It is unclear from
these reports to which mechanism the HDL decline is
related as, among humans, HDL cholesterol is lowered
either by restriction of total fat intake, irrespective of
the type of fat, or by substitution of saturated fat in-
take with polyunsaturated fat intake [39,40]. It was
suggested that a reduction in the consumption of satu-
rated fat, with a probable increase in total fat intake,
may be involved in the long-lasting favorable trends in
blood lipids (increasing HDL levels and decreasing to-
tal cholesterol levels) observed at national level in the
United States [20]. However, increasing total fat in-
take in the average diet may lead to upward trends in
BMI levels and in prevalence of obesity, as observed in
many countries, including Germany and the United
States (Table 6). In the Vaud–Fribourg region, the gain
over time in relative weight was modest in comparison
and obesity became significantly more frequent only
among middle-aged men, possibly as a side effect of the
decline in smoking. Weight increased in most age
groups, but this was largely due to an increase of
height (attributable to a birth-cohort effect due to the
improvement of environment during infancy).

The time trends in blood pressure were different be-
tween sexes in the Vaud–Fribourg region. The increas-
ing prevalence of untreated hypertension among older
men requires a more rigorous control from family doc-
tors and a higher compliance from male patients. The
latter should be better informed about the dangers of
hypertension. The decline in mean systolic blood pres-
sure levels among women age less than 55 years is
associated with their decreasing average score of fatty
diet and with their lowering frequency of meat con-
sumption. The second association is possibly causal
since controlled trials have shown that systolic blood
pressure drops approximately 6 mm Hg among human
omnivores adopting vegetarian diets [41]. According to
this, the switch toward a less carnivorous diet in young
and middle-aged women may have contributed to the
observed 3 mm Hg downward shift in their whole sys-
tolic blood pressure distribution.

How do the changes in CHD risk factors compare
with the trends in overall CHD event rate, including
deaths and hospital admissions, in the population of
Vaud–Fribourg over the study period? The age-
standardized CHD event rate fell by 14% among men
25 to 74 years of age, corresponding to a 25% decline in
mortality rate and a 10% decline in hospitalization
rate. More than half of the decline in CHD event rate is
due to a decline over time in the proportion of fatal
CHD events, to which the recent improvements in the

hospital management of myocardial infarction have
likely contributed to the greatest part. Roughly half of
the fall in CHD event rate is left to the potential impact
of the observed reduction of the risk factor levels, al-
lowing for some direct effect on the declining severity of
heart attacks. This estimation is compatible with the
results of follow-up studies on successive cohorts in
Finland [42] and the United States [43] suggesting
that the changes in risk factors contributed to approxi-
mately half of the CHD mortality decline in these coun-
tries.

CONCLUSION

This study was intended to assess the time trends in
lifestyle and in the major CHD risk factors over the
decade 1984–1993 within six sex–age population
groups of the Vaud–Fribourg region. The most favor-
able changes were observed in reported behaviors: in-
creased physical activity in leisure time, healthier di-
etary habits associated with a decrease in fat intake,
and less cigarette smoking (only among men). These
changes in lifestyle were not reflected by favorable
trends in objective measurements like body mass index
and blood lipids. On one hand, these findings are in-
teresting because they address the issue of question-
naire survey versus health examination survey in the
monitoring of the CHD risk factors. On the other hand,
they stress the need for further epidemiological work to
elucidate the complex interplay between diet, lipid lev-
els, and relative weight.

The following recommendations can be given in the
state of the art: further promotion of physical activity,
even at moderate intensity, and higher consumption of
fruits, vegetables, and other food sources of fiber, es-
pecially among young adults. Special attention should
be devoted also to middle-aged women for their in-
creasing proportion of regular smokers and to older
men for their rising prevalence of untreated hyperten-
sion. Comprehensive programs addressing several risk
factors and emphasizing a greater change in percep-
tion, in the line of the Ottawa Charter [44], should be
implemented, although it remains unclear how specific
community intervention can be more effective than
nonspecific secular modification [45–48].
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