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Stellingen
1. De seizoensinvloed op de bloeddruk is onmiskenbaar. In de zomer is de bloeddruk lager
dan in de winter.
Dit proefschrift

2. Aangezien de bloeddrukverlagende effecten van medicamenteuze en nietmedicamenteuze behandelingen vergelijkbaar zijn, verdient de niet-medicamenteuze
behandeling meer aandacht vooral met het oog op kosten en neveneffecten.
Dit proefschrift

3. In observationeel onderzoek kunnen de afzonderlijke associaties van de inname van
kalium, magnesium en calcium met de bloeddruk niet betrouwbaar bepaald worden
vanwege sterke onderlinge correlaties. Gebruik van bijvoorbeeld de residu methode kan
wel leiden tot andere correlaties, maar de betrouwbaarheid van de associaties verandert
daardoor niet.

4. Het eten van groente en fruit heeft behalve een beschermend effect op kanker ook een
bloeddrukverlagende werking.
NRC Handelsblad, 5 oktober 1994; dit proefschrift

5. Een uitspraak over lange-termijn trends in bloeddruk kan alleen worden gebaseerd op
continue bloeddrukmetingen over een zeer lange periode en niet op incidentele bloeddrukmetingen met intervallen van 5 tot 10 jaar.

6. Het drinken van een paar glazen alcoholische drank per dag heeft een positief effect op
hart- en vaatziekten. Het negatieve effect op de bloeddruk dient hierbij in ogenschouw te
worden genomen, met name voor rokers.

7. Meer gedegen onderzoek is nodig voordat lichamelijke inactiviteit als determinant van
hoge bloeddruk erkend kan worden.
World Hypertension League, Physical exercise in the management of hypertension, Bull
WHO 1991;69:149-153.

8. Naarmate rapporten zijn opgesteld door meer gerenommeerde personen of instanties
verdient het sterker aanbeveling de literatuur waarop deze uitspraken gebaseerd zijn,
kritisch te evalueren.
Joint National Committee on Detection, Evaluation, and treatment of high blood pressure,
The fifth report of the Joint National Committee on Detection, Evaluation, and Treatment
of high blood pressure (JNC V), Arch Intern Med 1993;153:154-183.

9. De vanzelfsprekendheid waarmee het overleven van de mens centraal staat in toekomstscenario's staat in schril contrast met de massale uitstervingsgolf in planten- en
dierenwereld die de mens veroorzaakt heeft.

10. Het ageren tegen vriendjespolitiek klinkt vreemd in het licht van de huidige tendens
om 'networking' te stimuleren.

Stellingen behorend bij het proefschrift
consequences" van Edith van Leer

Wageningen, 14 juni 1995
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ABSTRACT
BLOOD PRESSURE: TRENDS, DETERMINANTS AND CONSEQUENCES
PhD Thesis.
Agricultural University, Wageningen, The Netherlands and the National Institute of Public
Health and Environmental Protection, Bilthoven, The Netherlands.
Edith M. van Leer

Trends in blood pressure, prevalence and treatment of hypertension were studied in
30,000 men and women aged 37-43 years during the period 1974-1980, in 80,000 men
aged 33-37 years during the period 1981-1986 and 36,000 in men and women aged 20-59
years during the period 1987-1991. Between 1974 and 1991 changes in systolic and
diastolic blood pressure were minor with the exception of an increase in the prevalence of
hypertension in men between 1974-1980. Between 1981 and 1991 the prevalence of
hypertension remained stable in men and in women between 1987 and 1991. More women
than men were treated for hypertension; this did not change between 1974 and 1991. An
increase in the percentage of treated hypertensive men between 1974 and 1986 was
followed by a decrease in the period between 1987 and 1991 when a decrease in the
treatment of hypertension in women was also seen.
In a cross-sectional analysis in about 30,000 men and women aged 20-59 years a
linear relation between alcohol consumption and blood pressure was observed in men. The
results in women suggest a threshold of two glasses per day. In this study it was observed
that gender, age and smoking were important effect modifiers of the alcohol-blood
pressure association. An inverse association was observed between blood pressure and the
intake of potassium and magnesium in both men and women. Dietary calcium was
inversely related to systolic blood pressure in women and to systolic and diastolic blood
pressure in both men and women. Men and women consuming a diet high in potassium,
magnesium and calcium had about 2 mmHg lower blood pressure than their counterparts
consuming a diet low in these minerals.
In a 12-year follow-up study in 50,000 men and women aged 30-54 at baseline,
elevated blood pressure was strongly related to cardiovascular and total mortality in both
sexes. However, in men the mortality rates and relative risks were higher than in women.
It was estimated that a reduction of 6 mmHg in diastolic blood pressure results in a 4 1 %
reduction in cardiovascular mortality and 28% reduction in total mortality for men and
29% and 12%, respectively, for women. Evidence from observational studies and
intervention trials suggest that such a reduction may be achieved through preventive
measures such as weight control, alcohol and salt restriction, and increased potassium
intake.
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Introduction

GENERAL INTRODUCTION
Coronary heart disease (CHD) and cerebrovascular accidents (CVA) are the
main causes of death in the Netherlands (1). Of the 129,000 people who died
in 1990, 17% were victems of coronary heart disease and 10% of cerebrovascular accident. High blood pressure, together with smoking and elevated
serum cholesterol is one of the major risk factors for cardiovascular diseases
(CVD) and the most important one for cerebrovascular accidents (2). It has been
calculated that 25% of the coronary heart disease and cerebrovascular accident
mortality in the Netherlands can be attributed to high blood pressure (3).
The risk associated with raised blood pressure increases progressively
through the entire range of blood pressure levels and the dividing line between
'normotension' and 'hypertension' is arbitrary. The most commonly used
definition of hypertension is the one proposed by the WHO: i.e. persons with a
systolic blood pressure of >160 mmHg and/or a diastolic blood pressure of >95
mmHg and/or use of antihypertensive medication are called hypertensive (4).
Because this also includes persons who actually are hypertensive but whose
blood pressure is controlled by medication, this is a practical definition to
estimate the prevalence of hypertension in a population. Hypertension is divided
in primary and secondary hypertension (5). Essential hypertensives are defined
as individuals who may have generalized or functional abnormalities causing
their hypertension. Individuals with a specific organ defect responsible for
hypertension are called secondary hypertensives. Of all patients with
hypertension, 90-95% have essential hypertension (6).
The measurement of intra-arterial blood pressure is the 'gold standard'.
For practical purposes blood pressure is measured with a mercury sphygmomanometer using the Korotkoff sound technique (7). In practice, the difference
between the intra-arterial blood pressure measurement and the measurement with
the sphygmomanometer is small unless the arm circumferences are smaller or
larger than appropriate for the standard cuff-size (8). Under standardized
conditions the reproducibility of the blood pressure measurement is reasonably
good. The correlation coefficients for repeated systolic and diastolic blood
pressure measurements are generally in the order of 0.7 (9,10).
Blood pressure can be influenced by several factors such as age, diabetes
mellitus; alcohol consumption; intake of sodium, potassium, calcium and
magnesium; obesity and physical activity (11,12). The modifiable lifestyle
3
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factors such as alcohol consumption, mineral intake and obesity are of great
importance for primary prevention and form a part of the treatment of hypertension.
High blood pressure is one of the major risk factor for cardiovascular
diseases. The level of blood pressure in the population is directly related to the
burden of cardiovascular diseases in the society. From a public health
perspective data are needed on levels and trends in blood pressure, and on the
prevalence and treatment of hypertension in the population. For primary
prevention purposes information is needed about the relationship between
lifestyle-related risk factors and blood pressure.
The studies described in this thesis are given in Table 1. The first
screening project (the Consultation Bureau Heart Project or CB Heart Project)
was carried out between 1974 and 1980. In this period about 30,000 men and
women with an average age of 40 years were examined. The second screening
project (the Coronary Heart Disease Risk Factor Project or RTFOH Project) was
carried out between 1981 and 1986. This study included about 80,000 men with
an average age of 35 years. The aim of these studies was both to screen a large
number of people and to give persons in a high-risk category advice about risk
factor reduction. In Chapter 2 the baseline data from the CB Heart and RIFOH
Projects were used to study the trends in systolic and diastolic blood pressure,
as well as the prevalence and treatment of hypertension.
The Cardiovascular Risk Factors Monitoring Project (CRFM Project) was
carried out between 1987 and 1991. In that period about 36,000 men and women
aged 20-59 years were examined. In Chapter 3 data from the CRFM Project
were used to study levels and trends in systolic and diastolic blood pressure and
prevalence, and treatment of hypertension in men and women. In this chapter
we also described seasonal variation in blood pressure.
Data of the CRFM Project were used in Chapter 4 to describe the form
of association between alcohol consumption and blood pressure. Furthermore,
effect modification and confounding of this association by age, smoking, degree
of obesity, coffee consumption, physical activity during leisure time and
educational level were studied. Data from this project were also used to
investigate the association between blood pressure and the intake of dietary
potassium, magnesium and calcium (Chapter 5). High correlations between the
different dietary minerals called for assessment of the combined effect of
potassium, magnesium and calcium intake on blood pressure.
4

Table 1. Description of the three studies used in this thesis
Project

Period

Number

Gender

Age

Aim of the study

Consultation Bureau Heart Project
(CB Heart)

1974-1980

30,000

men
women

37-4-3

trends in blood pressure, and prevalence and
treatment of hypertension (chapter 2)

Coronary Heart Disease Risk
Factor Project (REFOH)

1981-1986

80,000

men

33-37

trends in blood pressure, and prevalence and
treatment of hypertension (chapter 2)

Cardiovascular Risk Factors
Monitoring Project (CRFM)

1987-1991

36,000

men
women

20-59

1 trends in blood pressure, and prevalence and
treatment of hypertension (chapter 3)
2 association between alcohol consumption and
blood pressure (chapter 4)
3 association between the intake of potassium,
magnesium and calcium, and blood pressure
(chapter 5)
1

Consultation Bureau Heart Project
(CB Heart)
2

1
2

1974-1980

50,000

men
women

30-54

association between blood pressure and
mortality from coronary heart disease,
cerebrovascular disease, cardiovascular disease
and all causes (chapter 6)

This association was studied in 30,000 men and women and the data was collected between 1987-1990.
This is the same project as used for the trend analysis, but instead of only subjects aged 37-43 years the total study population was used.

Chapter 1

In Chapter 6 we used the data from the Consultation Bureau Heart Project
carried out between 1974 and 1980. In this period about 50,000 men and women
aged 30-54 years were screened. Between 1987 and 1993 the vital status of all
these persons was verified; of those who died the underlying causes of death
were established. The association between blood pressure, hypertension and
mortality from coronary heart disease, cerebrovascular accident, cardiovascular
diseases and all causes was studied. Particularly investigated were possible
differences in the form and strength of the association between men and women,
as well as effect modification by smoking status and obesity. Further to this, the
population-attributable risks were calculated for different degrees of
hypertension.
In Chapter 7 we discussed the methodological problems in trend studies
and investigated whether these problems were specific for our studies or could
also be observed in those conducted in other countries. The results on the lifestyle-related determinants of blood pressure are discussed in the context of those
of other important observational studies and intervention trials. Also, the
importance of modifiable lifestyle factors not investigated in this thesis is
discussed. Finally, primary prevention and non-pharmacological treatment of
hypertension are discussed in the context of guidelines for management of
hypertension.
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2
TRENDS IN BLOOD PRESSURE AND PREVALENCE AND
TREATMENT OF HYPERTENSION IN YOUNG ADULTS IN
THE NETHERLANDS, 1974-1986

ABSTRACT
Data from two screening projects on cardiovascular risk factors were used to investigate
trends in blood pressure and the prevalence and treatment of hypertension in the Netherlands
between 1974 and 1986. Between 1974 and 1980 about 30,000 men and women aged 37-13
were screened. Between 1981-1986 about 80,000 men aged 33-37 were examined. An increase
of 2 mmHg in average systolic blood pressure in men in the period 1974-1980 was followed
by an insignificant change during the period 1981-1986. Average diastolic blood pressure
increased by 4 mmHg between 1974 and 1980, but decreased by the same amount between
1981 and 1986. The prevalence of hypertension in 40-year-old men increased from 12.7% in
1974 to 17.8% in 1980. The prevalence of hypertension in 35-year-old men did not change
between 1981 and 1986 and amounted to 9.6%. Treatment of 40-year-old hypertensive men
increased from 8% in 1974 to 2 1 % in 1980 and from 9% in 1981 to 13% in 1986 among 35year-old men. Average systolic blood pressure did not change in 40-year-old women between
1974-1980 but average diastolic blood pressure increased by 2 mmHg during that period. The
percentage of hypertensive women was 8.5% and did not change between 1974 and 1980.
Also, the percentage of treated hypertensive women did not change and amounted to 28%.
It can be concluded that the prevalence of hypertension did not change in 40-year-old women
while in 40-year-old men it increased between 1974-1980. In 35-year-old men the prevalence
of hypertension did not change between 1981-1986. Treatment of hypertension was more
common in young adult women than in young adult men. However, an increase in treatment
of hypertension in young adult men was observed in both periods.

Edith M. van Leer, W. M. Monique Verschuren, Daan Kromhout
European Journal of Epidemiology 1994,10; 151-158.
9

10

Trends in blood pressure,

1974-1986

INTRODUCTION
Blood pressure is considered a major risk factor for cardiovascular diseases
(CVD) (1-3). In the Netherlands no information is available about trends in
blood pressure. From a public health point of view it is of interest to investigate
changes in systolic and diastolic blood pressure levels as well as the prevalence
and treatment of hypertension. Between 1974 and 1986 two screening projects
on cardiovascular risk factors were carried out in The Netherlands. During the
total study period blood pressure was measured in a standardized way. With data
from these two projects, the trends in blood pressure as well as the prevalence
and treatment of hypertension in 40-year-old men and women during the period
1974-1980 and in 35-year-old men during the period 1981-1986 were studied.

METHODS
The Consultation Bureau Heart Project (CB Heart Project; 1974-1980) and the
Coronary Heart Disease Risk Factor Project (the PJFOH Project; 1981-1986)
were carried out by tuberculosis clinics or 'Consultation Bureaus' in Amsterdam,
Doetinchem, Maastricht, Tilburg and Leiden. These towns are located in
different parts of The Netherlands: Amsterdam, the capital city (700,000
inhabitants) and Leiden (100,000 inhabitants) are situated in the west;
Doetinchem (40,000) is a small town in a rural area in the east; Maastricht
(100,000) lies in the south, and Tilburg (150,000) is a middle-sized industrial
town in the southwest.
The CB Heart Project was initiated in October 1974 in Tilburg and
Doetinchem. In 1976 consultation bureaus in Amsterdam, Maastricht and Leiden
joined the study. For the CB Heart Project different birth cohorts were selected
in different towns. All persons born in certain years were invited for the study.
Names and addresses of the participants were obtained from the municipal
registry. The response rate, about 80% at the beginning of the study, dropped
to about 70% at the end of the study (4). During the period 1974-1980 a total
of about 50,000 men and women, who varied in age between 30 and 54 years,
were examined. The age range differed from town to town. Therefore, a
subsample with a narrower age range (37-43 years) was selected for the trend
analyses. The mean age of those 30,000 persons was 40 years. In Leiden, the
11
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age range of the subjects examined in the period 1974-1980 deviated and
therefore data from Leiden were excluded from the trend analyses for this
period.
In 1981 the CB Heart Project was followed by the RIFOH Project. This
project covered only men aged 33-37 years (about 80,000 in total) in the 5
towns. Potential respondents were identified from the civil registry and invited
to participate. For each 2-year period, certain birth cohorts were invited to
participate: from 1981 to 1982, all men born in 1946 and 1947; from 1983 to
1984, all men born in 1948 and 1949; and from 1985 to 1986, all men born in
1950 and 1951. This ensured a narrow age range across the entire study period,
and no respondents had to be excluded in the trend analyses. The response rate
was on the average about 55% for Amsterdam and about 70% for the other
towns. The mean age of the subjects participating in the RIFOH Project was 35
years during the whole study period (1981-1986).
In both the CB Heart Project and the RIFOH Project, information was
obtained on risk factors for coronary heart disease using standardized methods
(4). The participants filled out a questionnaire in which information was
obtained about smoking habits, current use of medication for high blood
pressure, history of hypertension, diabetes and complaints of cardiovascular
disease. Blood was taken for total cholesterol determination. Height, weight and
blood pressure were measured. Blood pressure was measured once in the sitting
position with a random zero sphygmomanometer. The measurements were
carried out by the same trained technicians in both projects. The technicians had
received detailed instructions on use of the sphygmomanometer (5). The cuff
(size 12 x 23 cm) was applied to the left upper arm. Systolic blood pressure was
recorded at the appearance of sounds (first-phase Korotkoff) and the diastolic
blood pressure was recorded at the disappearance of sounds (fifth-phase
Korotkoff). Hypertension was defined according to the criteria of a WHO expert
committee as a systolic blood pressure >160 mmHg and/or a diastolic blood
pressure >95 mmHg and/or use of antihypertensive medication (1).
For statistical analyses the SPSS/PC+ package program was used (6).
Multiple linear regression analysis was performed for trend analyses using blood
pressure or percentage hypertensives or percentage on medication as the
dependent variable and time (months) as the independent variable. Adjustment
for age differences was made by calculating the regression coefficients for the
relation between age and the dependent variables. Subsequently, the dependent
12
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variable for each individual was extrapolated to a value for a subject 40 years
of age (CB Heart Project) or 35 years of age (RIFOH Project). The age-adjusted
blood pressure or percentage hypertensives or percentage on medication was
then used as the dependent variable in the regression analysis. Age-adjustments
for hypertension and treatment of hypertensives were made by analysis of
covariance. Analysis of variance was used to investigate regional differences in
blood pressure level. Contrasts were tested for statistical significance using the
Scheffe test.
During the study period the number of persons per town differed. An
increasing number of persons from a town with a high (or low) blood pressure
could cause an artificial time trend. Therefore, dummy variables for the different
towns were added to the regression model, using Amsterdam as a reference. As
a rule the overall regression coefficients are presented. Only in case of a
difference in the trends in mean blood pressure between the various towns, are
these differences specified.
In the RIFOH Project the average systolic blood pressure first increased
and then decreased. Therefore two regression lines were fitted. This was
accomplished by comparing the explained variance of the two regression lines
with that of a straight line. The two lines significantly increased the explained
variance. The explained variance of the model based on two regression lines was
also slightly higher than the explained variance of a model including a quadratic
term. The 'breakpoint' in the line was determined by optimizing the explained
variance. The analysis was performed with two time variables: one for the total
period (Bj) and one for the period after the breakpoint (Bj). The change in
systolic blood pressure and percentage hypertensives over the first period (until
the breakpoint) is given by B the change over the second period (after the
breakpoint) is given by Bj + B . The interpretations of the results from both the
CB Heart Project and the RIFOH Project are based on the age and town
adjusted regression coefficients.
l5

2

RESULTS
CB Heart Project (1974-1980)
Table 1 shows the regional differences in blood pressure and body mass index
in both men and women. For men mean systolic blood pressure in Doetinchem
13
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and Tilburg was significantly higher when compared with the other towns.
Diastolic blood pressure in Amsterdam was significantly higher than in Tilburg
and Maastricht. For women systolic blood pressure in Doetinchem was
significantly higher than in the other towns and diastolic blood pressure in
Doetinchem was significantly higher than in Maastricht and Tilburg. For both
men and women the mean body mass index was significantly higher in
Doetinchem when compared with the other towns.

Table 1. Mean blood pressure (mmHg) and body mass index (kg/m ) adjusted for age in men
and women aged 37-43 years in the period 1974-1980, by town (CB Heart Project) (between
brackets standard deviation)
2

Systolic blood
pressure

Diastolic blood
pressure

Body mass
index

Number

Amsterdam

132.1 (15.9)

82.0 (11.0)

24.8 (3.1)

3,481

Doetinchem

134.7 (16.2)

80.0 (10.7)

25.4 (2.8)

1,818

Maastricht

132.8 (17.0)

81.6 (11.9)

25.0 (3.1)

3,678

Tilburg

134.2 (15.2)

80.5 (10.2)

24.9 (3.1)

5,165

Amsterdam

125.4 (16.9)

77.8 (11.1)

24.1 (3.7)

4,185

Doetinchem

130.6 (17.1)

78.5 (10.8)

25.4 (3.6)

1,999

Maastricht

124.8 (16.1)

77.3 (10.9)

24.1 (3.5)

3,810

Tilburg

129.0 (15.9)

77.4 (10.1)

24.3 (3.7)

5,387

Men

Women

Tables 2 and 3 show the mean systolic and diastolic blood pressure, the
prevalence of hypertension and the percentage treated hypertensives for men and
women in the period 1974-1980. For men, a significant overall increase in mean
systolic blood pressure was observed after adjustment for age and town between
14
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1974 and 1980 (Table 4). This was due to a significant increase of 1.56 mmHg
per year in Doetinchem. A significant increase in mean diastolic blood pressure
was observed after adjustment for age and town. This increase was significant
in all towns except Tilburg. Both the percentage hypertensive men and the
percentage treated hypertensive men increased significantly.
For women, no significant changes in mean systolic blood pressure was
observed; this was consistent in all towns. The mean diastolic blood pressure
increased significantly after adjustment for age and town. This increase was due
to an increase in the mean diastolic blood pressure of 0.55 mmHg per year in
Amsterdam and 0.97 mmHg per year in Maastricht. Both the percentage
hypertensive women and the percentage treated hypertensive women did not
change. The percentage of hypertensives was lower among women compared
with men. Hypertensive women were, however, more frequently treated than
hypertensive men.

Table 2. Mean blood pressure, prevalence of hypertension and percentage treated
hypertensives, men aged 37-43 years in the period 1974-1980 (CB Heart Project)
1

1974
N

2

1975

2

1976

1977

1978

1979

1980

3

452

1,070

3,370

2,972

2,805

1,738

1,735

130.8

130.9

133.9

133.9

133.0

134.1

131.9

13.6

13.1

16.7

16.8

16.3

16.2

14.9

79.6

78.3

80.6

81.1

81.3

82.9

82.1

10.3

10.0

10.9

11.4

11.1

11.3

10.1

8.6

7.8

13.5

15.9

15.9

17.4

12.7

12.8

20.9

13.2

14.3

16.6

16.3

23.1

Systolic blood pressure
Mean (mmHg)
(SD)
Diastolic blood pressure
Mean (mmHg)
(SD)
Hypertension (%)

4

Treated for hypertensives (%)

data adjusted for age
data from Amsterdam and Doetinchem were not available
data from Doetinchem were not available
systolic blood pressure SI60 mmHg and/or diastolic blood pressure >95 mmHg and/or use
of antihypertensive medication
1

2
3
4
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Table 3. Mean blood pressure, prevalence of hypertension and percentage treated
hypertensives, women aged 37-43 years in the period 1974-1980 (CB Heart Project)
1

1974
N

2

1975

2

1976

1977

1978

1979

1980

3

511

1,175

3,462

3,368

2,991

1,949

1,925

127.8

127.6

128.5

126.8

126.4

127.3

126.2

15.2

16.0

16.9

17.1

16.8

16.6

14.5

Mean (mmHg)

78.3

76.6

77.3

77.3

77.6

78.4

78.6

(SD)

10.3

10.5

10.8

10.8

10.5

10.9

10.3

7.8

8.4

10.4

10.7

11.2

11.0

10.1

56.1

45.7

33.9

31.5

40.3

31.0

34.9

Systolic blood pressure
Mean (mmHg)
(SD)
Diastolic blood pressure

Hypertension (%)

4

Treated for hypertension (%)

data adjusted for age
data from Amsterdam and Doetinchem were not available
data from Doetinchem were not available
systolic blood pressure >160 mmHg and/or diastolic blood pressure >95 mmHg and/or use
of antihypertensive medication
1

2

3
4

RIFOH Project (1981-1986)
Table 5 shows that systolic blood pressure in Doetinchem and Tilburg was
higher when compared to the other towns. Diastolic blood pressure in
Doetinchem was significantly higher than in Leiden, Maastricht and Tilburg.
Body mass index in Doetinchem and Maastricht was significantly higher when
compared with the other towns.
Table 6 shows the mean systolic and diastolic blood pressure, the
prevalence of hypertension and the percentage treated hypertensives for men in
the period 1981-1986. After adjustment for age and town a significant increase
in mean systolic blood pressure was observed from July 1981 until December
1983 (Table 7). This increase was due to an increase in all towns except
Tilburg. Between January 1984 and September 1986 a significant decrease was
observed, due to decreases in Amsterdam, Leiden and Maastricht. The 'net'
change in mean systolic blood pressure over the total study period was
insignificant (< 1 mmHg). The mean diastolic blood pressure decreased
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