
PDF hosted at the Radboud Repository of the Radboud University

Nijmegen
 

 

 

 

The following full text is a publisher's version.

 

 

For additional information about this publication click this link.

http://hdl.handle.net/2066/147070

 

 

 

Please be advised that this information was generated on 2023-05-23 and may be subject to

change.

http://hdl.handle.net/2066/147070






CARDIOVASCULAR RISK FACTORS 

AND SUBSEQUENT DISEASE 

IN GENERAL PRACTICE 

The Nijmegen Cohort Study 

Jan Corel Bakx 



COLOFON 

Cover I Dorothé van Koolwijk 

Layout | Willem van Gerwen 

Logo CMR/NMP | Paul Weijs 

Print | Ponsen & Looijen BV, Wageningen 

ISBN 90-6464-002-5 

Keywords: Risk factors, Family Medicine, Hypertension, Cohortstudy 

Summary in Dutch. 

The study presented in this thesis was supported by grant no 92.349 of the Netherlands Heart 
Foundation. 
Financial support for the publication of this thesis was also made possible by a grant from 
Stichting Voeding en Zuivel; Bayer bv; Novartis Pharma bv; Servier bv; Byk bv 

© 2000, Jan Carel Bakx 

© Nothing of these thesis may be multiplied and /or published by means of print, photocopy, 

microfilm or otherwise, without the explicit admission by the author. 

©Niets uit deze uitgave mag worden vermenigvuldigd en/of openbaar gemaakt door middel 

van druk, fotokopie microfilm of welke andere wijze dan ook, zonder voorafgaande 

schriftelijke toestemming van de auteur 



Cardiovascular risk factors 

and subsequent disease 

in general practice 

The Nijmegen Cohort Study 

Een wetenschappelijke proeve op het gebied van de 

MEDISCHE WETENSCHAPPEN 

PROEFSCHRIFT 

ter verkrijging van de graad van doctor 

aan de Katholieke Universiteit Nijmegen 

volgens besluit van het College van Decanen 

in het openbaar te verdedigen op 

donderdag 14 september 2000 

des namiddags om 3.30 uur precies 

door 

Jan Carel Bakx 

geboren op 17 augustus 1948 te Nijmegen 



Promotores 

Prof. dr. W.J.H.M. van den Bosch 

Prof. dr. Th. Thien 

Prof. dr. C. van Weel 

Manuscriptcommissie 

Prof. dr. A.F.H. Stalenhoef, voorzitter 

Prof. dr. S. Thomas (Erasmus Universiteit Rotterdam) 

Prof. dr. A.L.M. Verbeek 



aan mijn moeder 





CONTENTS 

1 General Introduction 1 

2 Methods 15 
a The influence of cuff size on blood pressure measurement 21 
b The influence of a rest period on blood pressure measurement 35 
c Long-term effect of nutritional counselling 45 

3 Development of blood pressure and the incidence of hypertension 

in men and women over an 18-year period 57 

4 Changes in serum total cholesterol levels over 18 years 

in acohort of men and women 73 

5 Blood pressure and cardiovascular morbidity and mortality 

in a Dutch population 91 

6 Impact of cardiovascular nsk factors on cardiovascular disease 103 

7 Discussion 115 

Summary 119 

Samenvatting 123 
Appendices 127 
Publications 137 
Woord van dank 141 
Cumculum Vitae 143 





1 
INTRODUCTION 



2 The Nijmegen Cohort Study 

General introduction 

For the past four decades the Framingham Study has been the most important cohort study to 
demonstrate and calculate the hazards of risk factors for cardiovascular disease (CVD).1 The 
findings of the Framingham Study, which started in 1948, have been applied to risk assessment 
in the Netherlands as in other Western populations as well. However, a secular change in cardio
vascular mortality has occurred, due to a decline in risk factor levels and the advanced treatment 
of CVD. In addition, the WHO-Monica Project has shown, that the relationship between risk 
factors and subsequent CVD vary widely between populations.2'3 

The main risk factors for CVD, serum cholesterol level and blood pressure, do not remain 
constant, but rather tend to increase with age. Information of the course of cardiovascular risk 
factors has mainly been collected from cross-sectional studies. The extent to which risk factors 
in young adult life predict nsk factor levels in older adults (tracking) has not yet fully been inves
tigated, nor is fully explored which factors are related to changes in cardiovascular risk factors 
in adults. 

Almost every Dutch resident is registered at a general practice, with a general practitioner 
whose task is to provide on-gomg care over a long period. As such, general practices provide an 
optimal setting for studying the course of cardiovascular nsk factors and their relationship to 
subsequent disease.4 This relationship has not yet been investigated in the Netherlands. The 
objective of the study of this thesis is the course of cardiovascular risk factors over time and in 
relation to the subsequent development of CVD. Before the main questions are formulated, an 
overview is given of the subjects handled in this thesis. 

Cardiovascular Risk Factors and Risk Tables 

Risk factors are measured and treated with the view to decrease the chance of risk factor-related 
disease or mortality. Under the best circumstances, risk factors should be investigated in the 
population in which they occur. In the Netherlands, information is available from cross-sectional 
studies on the prevalence of cardiovascular nsk factors5'6,7, indicating a secular trend in the cardi
ovascular risk factor levels: a decrease in smoking, cholesterol and blood pressure levels against 
an increase in the prevalence of obesity. Thereby, changes in risk factor levels are accompanied 
by a more sedentary lifestyle. 

Compansons in the levels of the main cardiovascular nsk factors among industrialised 
countries clearly indicate that risk factor levels and their relationship to subsequent disease differ.8 

Such differences have been demonstrated in cross-sectional survey studies.2 Little is known about 
the course of nsk factor levels within individuals in different countnes during adult life. 

Blood pressure (BP) levels in the Netherlands are hard to compare to other Western popu
lations, due to the differences in measurement methods and treatment rates.910 Taking these 
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limitations into account, the prevalence of hypertension differs between the Netherlands and other 
populations.1112 The risk of CVD in treated hypertensives is still higher when compared to 
normotensives, but relative risks vary to a large extent, from 1.3 to 2.5 and more for the highest 
BP categories, partly due to differences in thresholds definitions and treatment rates.13,14 In 
addition, the absolute risk of CVD in relation to blood pressure vanes between populations.15 

The prevalence of body mass index (BMI) differs widely between countries. Obesity, 
defined as BMI cut-off point of 30 kg/m2, is rising in the Netherlands but is lower in comparison 
to other countries.1617 As higher BP values are found in obese subjects1819'20, the differences in 
mean BP between different populations could be partly attributed to differences in body weight. 

Many studies on serum cholesterol were earned out in the Netherlands from 1972 to 1983 
.21 Over their entire range the serum cholesterol levels of Dutch males and females were higher 
than those of Americans, but lower than in Britain.22,23 In Finland higher cholesterol levels were 
found, even though a strong decrease in cholesterol levels was observed between 1972 and 1992 
in subjects aged from 30-59. The long-term relative risks for death from CVD according to lipid 
levels are known from many studies, especially among men. Adjusted 36-year risk ratios of 1.9 
for men and 1.8 for women were found in the Frammgham cohort24 for the association between 
two categones of cholesterol levels, comparable to results of the MRFTT study.25 In the British 
United Provident Association (BUPA) study26 the relative risk increased from 1.7 to 3.5 for 
quintiles. On the other hand, countnes with similar cholesterol levels markedly differ in CVD 
mortality.2 

In recent years, consensus has grown that intervention in those with the highest nsk for 
CVD yields the best costs/benefits, and in general practice such a high nsk approach is promoted. 
Taking the absolute risk level into account, risk tables, initially derived from the Framingham 
cohort, were developed in which it was shown that cardiovascular risk factors in common have 
a multiplicative effect on the chance of developing CVD.27,28,29 These Framingham risk tables 
were updated in more recent publications.30 The Sheffield Risk and Treatment Table is also based 
on a logistic regression equation derived from the Framingham population.31,32 The estimate of 
CVD nsk, based on the Framingham data is best suited to predict the nsk in similar populations, 
white subjects with a typically American diet.' Such nsk tables are designed to assess risk in 
disease-free subjects. A review of fifteen published, nsk ratios for CVD morbidity and mortality 
with the three major risk factors -cholesterol, blood pressure and smoking- included, showed noti
ceable differences in the regression coefficients.33 Differences in definition of CVD and diffe
rences in measurements of cardiovascular risk factors and length of follow-up between different 
countries hampered a companson between the studies. Few studies included women. Risk tables, 
recently developed in the Netherlands for daily practice use, are derived from the Framingham 
Risk Table34, although some criticism has been made of the diagnoses included in the Framing-
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ham risk calculation.35 Thereafter, since the seventies, cardiovascular risk-factor status has impro
ved, resulting in a dramatic reduction in mortality from cardiovascular disease.36 

Cross-sectional or longitudinal study of cardiovascular risk factors ? 

The average increase of systolic and diastolic BP in adults differs between economically 
developed countries. Although results from cross-sectional studies can provide information on 
longitudinal changes in levels of cardiovascular nsk factors in populations ' ' '4 , they can not 
provide insight into unfavourable changes in cardiovascular nsk factors in individuals, so no 
inferences on causality can be drawn. 

Though, the origin of CVD nsk factors starts in early childhood41'42, the ability to predict 
adult risk levels from individual child readings is limited43 and therefore, guidelines for treatment 
of risk factors in high-risk patients in general practice recommend monitoring especially in adults. 
Considerable changes in cardiovascular risk factors occur in adults. From pnmary prevention 
point of view, it is of main interest to study the course of cardiovascular risk factors in adults in 
order to improve the individual nsk stratification dunng that phase of life. 

Systolic blood pressure (SBP) hardly nses from the ages of 20 to 45 years in men and 
women, while after that age the nse in SBP is steeper in women than in men, resulting in higher 
SBP values in older women44,45. Diastolic blood pressure (DBP) increases more constantly in 
adult life to reach a maximum value around the age of 50 years in men and 60 years in women, 
whereafter a decrease in DBP occurs. It was found that the greatest overall changes in cardio
vascular risk factors between midlife and old age occurred in men that developed CVD46. 

Cholesterol levels in adults show the same pattern as blood pressure. Cholesterol levels are 
low in new-boms and increase until the late adolescence47. Thereafter, levels rise in men earlier 
as in women to reach a maximum value between 50 and 60 years of age48 and will decrease in the 
oldest, in which age group women have higher mean cholesterol levels than men.49 In men, an 
important rise in the cholesterol level occurs between 20 and 40 years of age, while in women a 
main increase occurs between 40 and 50 years of age50,51 and continues until around 70 years, 
whereas, in contrast, in men cholesterol levels decrease after the age of 55-60 years.49 The increa
se in serum total cholesterol is mainly due to a rise in the LDL fraction.52 A part of the nse in 
blood pressure and cholesterol level can be explained by weight gain. The average American adult 
gains 10 kg between age 20 and 50 years, while muscle mass usually decreases with age.53 

Western lifestyle seems a causal factor in the increase of the cardiovascular nsk factor 
levels. In rural non-Westemised societies, for example, hypertension is rare and the nse in BP and 
cholesterol with age is minimal.54,55 Also in macrobiotics a 25-30% lower cholesterol level was 
found.21 Differences in frequency of coronary atherosclerosis were also found in the Seven 
Countnes Study56: increases in populations' serum cholesterol were closely related to increasing 
cardiovascular mortality. 
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Cardiovascular risk factors and subsequent disease in the Netherlands 

No longitudinal observational studies are earned out concerning the relation between risk factors 
and subsequent CVD in general practice populations in the Netherlands. Information on cardi
ovascular risk factors in the Netherlands onginates from the ERGO Study (Erasmus Rotterdam 
Gezondheid en Ouderen)49 and the Zutphen Study57. The ERGO study is a prospective cohort 
study to determine the prevalence of cardiovascular risk factors and disease among elderly people 
of 55 years and older. It started in 1990 with the assessment of cardiovascular risk factors in 7,983 
subjects. The Zutphen study was the Dutch contribution to the Seven Countries Study and was 
bom from the connection found between nutrition and coronary heart disease mortality. The 
Zutphen study investigated the relation between cardiovascular risk factors and disease in 872 
men, aged 40-59 year in 1960. The dietary intake and changes in dietary and nutrition patterns 
were described. A clear relation between casual cholesterol value and the incidence of CVD was 
found, whereas blood pressure was found to be significantly associated with CVD and stroke58. 
The DOM-project59 (diagnostic examination mamma-cancer) was originally carried out as a 
screening for breast cancer in women bom between 1911 and 1925. In all women, cardiovascular 
nsk factors, except serum cholesterol, were measured and the association between systolic blood 
pressure (SBP) and CVD-mortality over the 1975-1984 period was studied60. Blood pressures 
were measured after the breast examination and truncated to 0 or 5. Women in the highest 
category of the SBP distribution showed a two- to threefold increase in overall rates of CVD-
mortality. However, SBP levels were high in the DOM-project and a strong regression effect of 
about 20 mm Hg was found, after remeasurement at the general practice office. The Zoetermeer 
study61 was initiated in 1975 and studied only the contribution of cardiovascular risk indicators 
to all-cause mortality in 6,547 inhabitants aged 20 years and over at the start of the study. Most 
of the cardiovascular risk indicators influenced all-cause mortality. However, some of their 
findings were remarkable. As an example, no association was found between serum cholesterol 
and mortality, and, in women, BMI was inversely related to mortality. 

A short history of preventive cardiology in Dutch general practice 

After it was demonstrated that hypotensive drugs were effective in the treatment of severe arterial 
hypertension62, treatment of high blood pressure started in the Netherlands in the 1960s. This 
expenence formed the basis of an individual case finding policy from routine primary care. 
Initially, an important factor in this development was the dilemma between the benefits of 
interventions and the potential harm of screening asymptomatic 'healthy' individuals.63,64,65 

Hypertension treatment in general practice was first influenced by treatment of so called 
malignant hypertension by internists. Guidelines for treatment came from internists published in 
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Huisarts en Wetenschap.66 Birkenhager wrote: The need of General Practitioners for clear 
guidelines in the medical treatment of hypertension is so that I fulfil their special request for 
advice'. In the same period the GP Van der Feen started to study the effect of case finding of 
patients with hypertension in general practice. He argued that the relative risk of CVD for sub
jects under the age of 60 with hypertension was much higher compared to older age groups and 
therefore he advised case finding in persons between 31-60 year old.67 He estimated the workload 
of this strategy for a normal practice in 15-20 minutes every day. No distinction was made 
between men and women. The study of Van der Feen was the starting point of research about 
systematic finding and treatment of cardiovascular risk factors in General Practice. Boot68 and 
Van Ree69 investigated the feasibility and effectiveness of intervention in cardiovascular risk 
factors in the general practice. Boot started in 1975 and Van Ree in 1977. Van Ree concluded 
that, in general, about half of the patients with hypertension was unknown, with a higher 
percentage found in men than in women. In the study of Van Ree, of all participants aged 20-50 
year, 12% of all men and 9% of all women had high blood pressure (SBP > 160 and/or DBP > 
95 mmHg). Boot found high blood pressure, with the same criteria, in 20% of the men and 15% 
of the women in the 30-59 year age category. The different prevalences of high blood pressure 
are possibly caused by a difference in age distribution, indicating a rise in blood pressure between 
50 and 60 years. Their results were published in a thesis and they concluded that case finding of 
patients at high risk for CVD was feasible. Boot doubted between selective screening, case 
finding or health education for everyone. Van Ree concluded that the intervention program helped 
to lower the cardiovascular risk factor levels. 

In 1983, the National Health Council concluded that patients with hypertension have to be 
detected and treated by the GP's and advised case finding in patients who visit the doctor's offi
ce. In 1991 the hypertension guideline of the Dutch College of General Practitioners was 
published. In that guideline case finding was advised in risk groups. BP measurement was 
recommended in everyone with at least one risk factor, in all 55-65 year old men and all patients 
with first degree family members with cardiovascular disease before the age of sixty. The atten
tion for systolic hypertension started in the nineties with the findings of different trials which 
demonstrated major benefits of treatment of systolic hypertension72'73. Though the extent of the 
relative benefit of antihypertensive treatment in those with systolic hypertension was similar to 
those with diastolic hypertension in middle-aged subjects, the absolute benefit was larger. So 
gradually there was a tendency to look more at the absolute risk than the relative nsk74, measured 
as the number needed to treat. Based on these new studies, the Dutch College of General Practiti
oners published more specific new guidelines for hypertension treatment in 1997, based on the 
absolute risk with more attention for systolic hypertension and older age75. 

In 1975, Van der Velden argued that there was an important role for the GP to detect 
patients with hypercholesterolemia. At the same time however, he stated that the effect of lowe
ring cholesterol levels on cardiovascular nsk was not conclusive76. Van Ree was one of the first 
GP's in the Netherlands who provided empirical data on the treatment of patients with high 
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cholesterol levels . But it took until the new cholesterol lowering trials with HMG CoA 
inhibitors before attention concentrated on treatment of high cholesterol levels . This resulted 
in the publication of a guideline of the Dutch College of General Practitioners for 
hypercholesterolemia in 1991. Measurement of cholesterol was advised in those, aged 18-65 
years, known with hypertension, diabetes or high familial nsk for CVD. A case-finding approach 
was advised for this group, by measuring in case of consulting the GP for whatever reason. As 
in the hypertension guideline, no distinction was made between men and women. In 1999 a 
revised guideline for treatment of high serum cholesterol levels was published . In that guideline 
the cholesterol/HDL ratio is taken in assessing the risk. No indications are given regarding 
repeated cholesterol testing over the course of one's life. As an example, US guidelines recom
mend that cholesterol measurements should be taken at least once every 5 years in all adults 20 
years of age and older80. 

All along, much has been argued about threshold values, but little is known about the 
lifetime course of blood pressure and cholesterol. For the general practitioner, this is important 
because it can support not only a more tailored high-nsk approach, but it gives also insight into 
whether regular checks are indicated for those who are found at low nsk for CVD. In addition, 
the limitations of the current risk tables gave rise to the present study on the relation between risk 
factors and subsequent cardiovascular disease in a Dutch general practice population. This brings 
us to the aim of this study. 

Main Questions of the study 

1. What are the changes in blood pressure and serum cholesterol over a long year period in adult 
individuals and which factors influence the changes? 

2. What is the relationship between cardiovascular risk factors in a Dutch general practice 
population and subsequent cardiovascular morbidity and mortality? 

Outline of this thesis 

The study is based on a cohort of 7,092 patients of six general practices, participating in the 
Nijmegen Intervention Project in 1977. The first research question was answered by taking a 
sample of the original cohort. The second research question was answered by assessing the 
incident cardiovascular morbidity and all cause mortality during the 1977-1995 period in all 
participants. The sample of the 1977 cohort was invited in for a second health screening in the 
1994-1995 period. For that purpose the project started with a methodological study, represented 
in chapter two, in order to make a reliable companson between the 1977 Nijmegen Intervention 
Project and the Nijmegen Cohort Study. First, it was decided to use a different bladder size in 
1995. Results are outlined in a study about the influence of different bladder sizes on systolic and 
diastolic blood pressure. Next, further results are described of two other methodological studies. 
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One study was carried out on the rest period prior to blood pressure measurement and another, 

comparative, study on fat intake between the 1977 intervention and control groups. 

Chapter three and four report the results of the course of two cardiovascular risk factors 

over an 18-year period, blood pressure and cholesterol, respectively. Chapter five and six describe 

the results of an 18-year follow-up study about cardiovascular risk factors and subsequent disease 

in 7,092 respondents, who participated in 1977 in the Nijmegen Intervention Project. The thesis 

ends with chapter seven in which the research questions are reviewed and recommendations are 

formulated for general practice use and further investigation. A summary concludes the thesis. 
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Introduction 

The Nijmegen Intervention Project started in 1977. This project was carried out by JW van Ree, 
under supervision of FJA Huygen, at the Department of General Practice of the Nijmegen 
University. The aim of the project was to study the effectiveness and feasibility of detection and 
treatment of patients at high risk for cardiovascular disease in general practice. 

The screening for cardiovascular nsk factors of the Nijmegen Intervention Project in 1977 
took place in 6 general practices in the Nijmegen region. The whole target population of the 6 
practices consisted of 10.284 patients. It started with an invitation for a health screening for all 
patients between 20 and 50 years old, who visited their doctor in the penod 01-02-1977 until 01-
02-1978. A 33% sample was taken of those who did not attend the practice during the screening 
period. Finally, 7,092 patients agreed to participate (table 1). The screening was performed by 
special trained practice nurses. Information on physical activity, family history on cardiovascular 
diseases, as well as smoking behaviour, was assessed by a standard questionnaire. Body weight 
was taken without shoes on a balance scale. Blood pressure was measured with a mercury sphy
gmomanometer. Systolic blood pressure (SBP) and diastolic blood pressure (DBP) were measured 
twice on the right arm with the patient sitting and after a rest period. Non-fasting serum cho
lesterol concentration was measured with the Liebermann-Burchard reagent, with Huang modi
fication at the laboratory of the Wageningen Agriculture University. This laboratory took part in 
the "Cooperative Cholesterol Standardisation Program" of the WHO with the Centre for Research 
in Blood Lipids in Atlanta as reference' 

Table 1 Study population for men and women by age and rate of participation (values are 
percentages of the original practice population). 

20-29 yrs 

30-39 yrs 

40-49 yrs 

men 

3404 (66%) 
987 

1384 

1033 

women 

3688(71%) 
1207 

1401 

1080 

all 

7092 
2194 (69%) 

2785(71%) 

2113(71%) 

The Nijmegen Intervention Project formed the base for the development of the group of general 
practices participating in the Nijmegen Monitoring Project, the research network of the 
Department of General Practice of the Nijmegen University. The objective of this research 
network is to study the long-term outcome of chronic diseases in general practice, including 
cardiovascular disease. 
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The start of the Nijmegen Cohort Study 

In 1994 the follow-up of the Nijmegen Intervention study had been started, called the NUMEGEN 

COHORT STUDY. The participants in the 1977 project had to be detected. To find an answer on the 
first research question, concerning changes in blood pressure and serum cholesterol over an 18-
year period, the current risk factors had to be remeasured and the practice assistants had to be 
trained to do so. To assess the relationship between cardiovascular risk factors and subsequent 
disease, the second research question, information on all-cause mortality and cardiovascular 
morbidity during the 1977-1995 penod had to be obtained. 

1. Finding of patients 

As a first step, it was established whether participants in the 1977 screening were still alive, and 
lived in the practice area. The files of patients who had died were studied for the cause of death, 
and of those who had moved to another area, their new family physician was contacted to 
establish whether they were still alive or had suffered a cardiovascular disease. 

Table 2 Number of patients for each practice in 1977 and 1995 

Practice Nr. 

1 

2 

3 

*4 

5 

6 

total 

1977 

Men 

501 

318 

270 

862 

710 

743 

3404 

Women 

466 

420 

279 

893 

759 

871 

3688 

Total 

967 

738 

549 

1755 

1469 

1614 

7092 

1995 

Men 

493 

266 

261 

670 

602 

568 

2860 

Women 

458 

345 

275 

690 

638 

679 

3085 

Total 

951 

611 

536 

1360 

1240 

1247 

5945 

% 

98 

83 

98 

77 

84 

77 

84 

* Practice 4, later divided into two different practices 

For a number of subjects who had moved from the practice area, family members, still registered 
in the practice, were contacted and asked for their address. The subjects still living in the practice 
area were considered for the follow-up study concerning the development of risk factors. Invited 
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were all with an elevated cardiovascular risk at the 1977/78 screening, and a random thirty 

percent sample of those with a low-normal cardiovascular risk at that time. 

Of all 7,092 participants in 1977 still 5,945 patients were known in the practices in 1995 

(table 2). One of the practices in the 1977 screening had been divided into two practices in 1982, 

so there were seven practices in 1995, participating in the Nijmegen Cohort Study. The higher 

percentage of known patients in two practices was due to the participation in the Continuous 

Morbidity Registry, the network of four general practices in which all demographic data and 

morbidity of the patients have been monitored since 19712. 

2. Training of the practice assistants 

The practice assistants were trained in taking blood samples and measurement of blood pressure 

(BP). Blood pressure measurement was practised in special settings with use of a multi-

stethoscope instrument. Special attention was paid to exact reading of values at 2 mm level. The 

results of BP measurement at training sessions were recorded. The maximum difference between 

observers gradually declined during the meetings. Instructions for the assistants for BP measure

ment are outlined in appendix A. The blood sample was taken of the sitting patient after at least 

5 minutes rest. A needle of 20Gxl1/2 was used together with a 4 cc Vacutainer SST with gel. 

Blood samples were kept under refngeration and were collected the same day by the laboratory 

assistant. 

3. Methodological problems 

At the 1977 screening, blood pressure was measured with a bladder size of 13 χ 23 cm and a 

bladder of 16 χ 23 cm for subjects with an arm circumference of more than 35 cm. According to 

the guidelines of the Dutch College of General Practitioners, it was decided to use a bladder of 

13 χ 36 cm for everyone in 1995. To control for measurement bias, a special study was carried 

out to investigate the influence of bladder size on BP values In a second methodological study 

the influence of a rest period on BP measurement was investigated in a population of persons not 

under hypertension treatment and a sample of patients with known hypertension (chapter 2a and 

2b). 

The Nijmegen Intervention Project studied in 1977 the effectiveness of intervention in 

general practice. For that purpose, the 6 practices were randomly divided in 4 intervention and 

2 control practices. The 20% of all participants with the highest nsk score were invited to take 

part in the intervention in these 4 practices. To investigate the influence of the 1977 intervention 

on the results of the 18-year follow-up study, it was decided to study the differences in cholesterol 

and fat intake in the intervention and control group after 18 years. The results of this study are 

performed in chapter 2c. Fat intake and dietary altitude were measured in a sample of the partici-
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pants, by trained research assistants. The questionnaire assessed the fat intake and the attitude 
towards fat intake and the bamers in changing towards 'healthy foods'3,4. 

4. The measurement of cardiovascular risk f actors 

The following information was collected: 

• Body mass index and blood pressure were measured. A non-fasting blood sample was taken 
for determination of serum cholesterol. 

• A questionnaire was administered about duration of education, familial occurrence of 
cardiovascular disease, smoking behaviour and the current state of health (see appendix B). 

Body weight was assessed on a balance scale. Height of the 1977 measurement was taken and, 
if necessary, corrected. A non-fasting blood sample was taken in the practices. Total serum cho
lesterol was measured by the enzymatic method at the laboratory of the Camsius Wilhelmina 
Hospital at Nijmegen. A questionnaire about the current health state was filled in. Physical 
activity, both at work and leisure time, was assessed and divided in three categories, low, middle 
and high physical activity. 

5. Assessing cardiovascular morbidity and all cause mortality. 

Cardiovascular events that occurred since the start of the 1977 screening were registrated in the 
practices. All practices used a computensed system at the start of the 1994 Project. Three out of 
seven practices have been also registrating all diseases since 1970 in the Continuous Morbidity 
Registry of the Department of General Practice of the Nijmegen University. 

Cardiovascular and cerebrovascular morbidity and mortality and all cause mortality were con
sidered. The following cardiovascular diseases were included in this study: 

• Myocardial infarction 

• Angina pectoris 

• Peripheral arterial disease 

• Heart failure 

• Transient ischaemic attack 

• Cerebrovascular disease 

• Atrial fibrillation 

Cardiovascular disease events were classified according the International Classification of Health 
Problems in Primary Care (code 410-414). Atrial fibrillation was also taken as a diagnosis (code 
427.3). Cerebrovascular diagnoses were divided in transient ischaemic attack (TIA) or non-
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haemorrhagic stroke and haemorrhagic stroke (code 435,438). All diagnoses were controlled in 

patients records or specialists lists. The diagnosis TIA was made by the general practitioner. Even 

with advanced diagnostics the diagnosis is not always certain5·6. ECG abnormalities without any 

symptoms of cardial disease were not considered as a disease. 

Mortality was divided in cardiovascular mortality, cancer, not natural causes of death, other 

causes of death or unknown. Sudden death was defined as heart death if one had died within one 

hour after the onset of symptoms or if death was preceded by symptoms of myocardial infarction7. 
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Summary 

Objective: to determine the effect of the use of cuffs with different bladder sizes on the outcome 

of blood pressure (BP) measurements 

Methods: two size of bladders previously in common use in the study location (13 χ 23 cm and 

16 χ 23 cm) were compared with the current size (13 χ 36 cm) A fully randomised experimental 

study was earned out on a study population comprising 130 subjects (61 men, 69 women, aged 

between 22 and 70, mean 49), who were not undergoing special treatment for cardiovascular 

disease or hypertension at that time The mean arm circumference was 32 9 cm (range 25-40 cm) 

BP measurements were earned out by one person, using a Hawksley random zero sphygmoma

nometer under standardised conditions 

Results: With the smallest bladder (13 χ 23 cm) the highest systolic and diastolic BP was 

measured (mean SBP 127 2 mean DBP 77 0 mm Hg), followed by the bladder of 13 χ 36 cm 

(125 1 resp 75 4 mm Hg) The lowest BP was measured with the bladder of 16 χ 23 cm (123 7 

resp 74 4 mm Hg) Differences between bladders were significant for all arm circumferences 

Conclusions: over the entire range of arm circumferences in the present study there is a small 

systematic difference in the BP measurements taken by the vanous bladder sizes For individual 

readings the difference is less marked, in companson with other factors that can affect BP measu

rements However, in longitudinal studies a systematic error in BP can occur when measurements 

are made with different bladders during the study 
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Introduction 

The outcome of blood pressure (BP) measurements depends on a number of factors, including 

numerous biological and analytical sources of variation. Biological variations are relative to chan

ges in the individual, and are induced by, for instance, emotions, day- and night-rhythm, seasons, 

meals and posture Analytical variations denve from the variability of the instruments used, from 

the stethoscope and the size of the inflatable bladder to observer bias, the hearing and eye, hand 

and ear co-ordination. BP sounds must be accurately interpreted in order to obtain a proper 

reading. In this study we have investigated the influence of the bladder size on BP measurement, 

by keeping other factors as standardised as possible. In the early part of this century the 'standard' 

bladder had a width of 5 cm. Von Recklinghausen discovered, though, that a bladder with a width 

of 12 cm provided a better estimation of the actual BP1. Later on Maxwell et al2 concluded that 

a 12 χ 23 cm bladder, used in obese subjects, gave higher BP measurements than a 15 χ 33 cm 

bladder. The difference in measurement rose linearly with an increase in arm circumference and 

was 5.1 mm Hg systolic and 4.1 mm Hg diastolic with an arm circumference of 36 cm. The role 

of the bladder length was not analysed separately. Simpson et aÛ compared bladders with a length 

of 23 and 35 cm and reported a lower BP measured with the long bladder, the difference being 

4.2 mm Hg systolic and 3.8 mm Hg diastolic, independent of both bladder width and arm circum

ference. However, they investigated only a few obese subjects. 

Variation in BP measurements caused by the use of different bladder sizes is particularly 

important for follow-up studies of BP. Individual monitoring of BP is common practice in 

pnmary care, and may involve practice-based meters and meters used for home visits. As the cuff 

size of these meters may vary, the effect of the cuff size on BP variation is of more than 

theoretical importance in general practice. 

Vartianen et at5 studied the changes in the main cardiovascular risk factors in Finland 

over 20 years. Using at first, a cuff with a bladder length of 23 cm and late a 42 cm one, they 

argued that the decrease in BP over 20 years may be overestimated in obese subjects. 

A survey (of which this study is a part) measured BP in a population of local, general 

practices Most of these practices provided a 13 χ 36 cm bladder, which follows the 

recommendation of the Dutch College of General Practitioners: a bladder of at least 13 χ 30 cm 

universal use6. One of the study's objectives was to correlate current individual BP to BP status 

from a 1977 survey. In that survey the use of differential cuff size had been followed: a bladder 

of 13 x3 cm for smaller arms and one of 16 χ 23 cm for arms with a circumference above 35 cm. 

In order to compare the current and 1977 BP values, we decided to assess the magnitude 

of the variation between BP measurements with different bladders under careful standardised 

conditions In the light of the present recommendations we compared the bladder of 13 χ 36 with 

bladders of 13 χ 23 and 16 χ 23 cm in some volunteers. 
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Subjects and methods 

A fully randomised experimental study was performed, in which three bladders were used: 13 χ 

23, 16 χ 23 cm and 13 χ 36 cm. After exclusion of three subjects with an irregular pulse and one 

with a conical arm, the study population consisted of 130 volunteers: 52 patients from a general 

practice, 47 from an outpatients clinic and 31 subjects from a recreation centre. It was planned 

to include one in three subjects with an arm circumference of 35 cm and greater. No patients were 

undergoing any special treatment for cardiovascular disease or hypertension. Participants had their 

upper arm circumference measured on their right arm, exactly midway between acromion and 

olecranon, before being included in the study. Recruitment was continued until a proportional 

distribution of upper-arm circumferences between 25-40 cm had been achieved. 

To minimise any systematic influence due to the sequencing of bladder use, a 

randomisation scheme was performed, consisting of three blocks of one measurement with each 

bladder. Thus, BP was taken a total of nine times, three times with each bladder. BP was measu

red on the right arm with the patient seated. The patient's arm was bare, unrestricted by clothing, 

with the palm of the hand facing upward.7 The centre of the bladder was positioned directly over 

the palpated artery. Measurements took place in a quiet room, with a comfortable temperature and 

without a telephone or other modalities for disturbance. 

All BP measurements were earned out by one thoroughly trained investigator, using a 

Hawksley random zero sphygmomanometer that was checked for accuracy before each 

measurement session. Training took place by simultaneous BP measurement with a Y-tube in the 

presence of two skilled doctors, a general practitioner and an internist, both involved in BP 

research. All participants received an explanation of the aim of the study and the importance of 

silence during the measurements. 

Upon entering the room, the cuff with the first bladder selected was put on, and the 

subjects rested for 10 minutes before the first measurement was taken. Directly after that 

measurement the next cuff was applied, and this procedure was repeated until the last 

measurement. The cuff was inflated to a high pressure and the investigator waited a moment 

before deflating the cuff. 

Statistical analysis 

We used an analysis of variance to look for differences between the bladders. By means of a 

paired t-test the differences in BP measurements between different bladders were assessed. The 

influence of age, sex, or height of BP on differences in measurement was studied with analysis 

of variance. The SAS-program was used for statistical analysis. For assessing agreement between 

readings with different bladders we used methods desenbed by Bland and Altman8. 
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Results 

The study group of the 130 subjects contained 61 men and 69 women, aged between 22 and 70 

(with a mean of 49). The mean arm circumference was 32.9 cm (range 25-40 cm, SD 3.7). There 

were 51 subjects (39%) with an arm circumference greater than 35 cm. Table 1 gives the mean 

BPs with the respective bladders. As seen from the table, there is a difference between the mean 

BP measurements with the three bladders. 

Table 1 Mean ( + s.d.) SB Ρ and DBF in mm H g with different bladders (n = 130) 

measurement 1 

measurement 2 

measurement 3 

mean BP 

bladder 

13 χ 36 cm 

126.2/74.7 (20.1) (13.1) 

125.1/75 9 (19 2) (12.6) 

124 1/75 7 (19.2) (12.4) 

125.1/75.4 (19.2) (12.4) 

16x23 cm 

123.5/73.2 (20.1) (13.1) 

123.9/74.8 (19.7) (13.5) 

123.5/75.4 (20.4) (14.1) 

123.7/74.4 (19.7) (13.2) 

13x23 cm 

128.2/76.2 (20.7) (13.6) 

127.2/77.2 (19.2) (13.2) 

126.2/77.6 (18.8) (12.7) 

127.2/77.0 (19.2) (12.8) 

These differences were all statistically significant from each other as shown in table 2. The 

highest BP values were obtained with the smallest bladder of 13 χ 23 cm, followed by the 13 χ 

36 cm bladder, and the lowest BP values were measured with the 16 χ 23 cm bladder. Figure 1 

shows the relationship between arm circumference and the systolic and diastolic BP for the three 

bladders. There is an increase of the diastolic BP (DBP) for all bladders with increasing arm cir

cumference, rising from about 69 mm Hg for the thinnest arms to about 80 mm Hg in the most 

obese arms. Although for the smallest bladder (13 χ 23 cm) the increment is slightly greater than 

with the other bladders, the differences between the three slopes of the regression lines were not 

significant. 

Systolic BP (SBP) rose from 120 mm Hg for the thinnest arms to about 130 mm Hg for the most 

obese arms. Also, for the SBP the slopes of the three regression lines were not significantly 

different from each other. For both SBP and DBP the difference between the bladders 16 χ 23 and 

13 χ 23 cm is the greatest. With the 16 χ 23 cm bladder the lowest BP was measured. The 

difference in systolic and diastolic BP measurements between the bladders, represented as 

continuous variable, is shown in figure 2. An analysis of vanance showed no influence of age, 

gender or height of BP on the differences in BP values. 
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Figure 1 Relation between systolic (SBP) and diastolic (DBP) blood pressure and arm 

circumference for different bladders 
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Table 2 Mean differences of SBP and DBP between the three bladders (n = 130) 

DBP 

16x23 

13x23 

SBP 

16x23 

13x23 

13 χ 36 cm 

13 χ 36 cm 

13 χ 36 cm 

13 χ 36 cm 

Difference mm Hg 

-0.96 

+ 1.61 

-1.45 

+2.08 

(95% CI) 

(-0.55 -1.52) 

(105 2.19) 

(-0.68 -2.22) 

(1.40 2.76) 

P-value 

< 0.001 

< 0.0001 

< 0.0003 

< 0.0001 



Figure 2 Difference in systolic (SBP) and diastolic (DBP) blood pressure between the bladders 16x23 and 
13x36 cm (lefi figures) and 13x23 and 13x36 cm (right figures) in relation to arm circumference 
a Regression line withß=0 08 (-0 13 0 29) c Regression line withß=0 08 (-0 10 0 26) 
b Regression line withß=0 08 ( 0 16 0 14) d Regression line withß=0 10 (-0 05 0 25) % 
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We also investigated if there was a time penod effect In figure 3 the three blocks of readings are 

shown in order of time of measurement, illustrating that there is only a small non-significant nse 

in DBP over time, independent of the bladder used 

Figure 3 Systolic (SBP) and diastolic (DBF) blood pressure with different bladders in relation 

to the time period of measurement Cuff 1 = 13 χ 36 cm. Cuff 2 = 16 χ 23 cm. Cuff 3 
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Companson of the 13 χ 36 cm bladder with the 13 χ 23 and 16 χ 23 cm bladders yielded the 

following results {figure 2): the difference between the 13 χ 23 cm bladder and the 13 χ 36 cm 

bladder increased with arm circumference. For SBP the mean difference rose from 1.4 in the thin

nest arms to 2.6 mm Hg for the most obese arms. For DBP the mean difference increased from 

0.8 to 2.0 mm Hg. Regression analysis showed that the increase was not significantly different 

from zero for both the systolic and diastolic BP. The mean difference between the 16 χ 23 and 

13 χ 36 cm bladders was small for the systolic as well for the diastolic BP. The difference in SBP 

decreased slightly with an increasing arm circumference from 2.4 for the thinnest arms to 0.9 mm 

Hg for the most obese arms. The difference in DBP rose from 0.7 to 1.1 mm Hg for the most 

obese arms. Regression analysis showed that the changes were not significantly different from 

zero. 

Discussion 

In this carefully prepared, randomised study we have determined the variation in BP 

measurements caused by the use of bladders of different sizes. As it was expected that the 

significance of variation would be related to arm circumference, the plan was to include at least 

one in three subjects with an arm circumference of 35 cm or greater. This was achieved, as 39% 

of our volunteers had an arm circumference of that level. The highest BP was measured with the 

13 χ 23 cm bladder, the lowest BP with the 16 χ 23 cm bladder, with the intended standard 13 χ 

36 cm bladder falling between the other two. We found a systematic difference throughout the 

whole range of arm circumference with the highest pressures found in subjects with the largest 

arm circumference. Though cuff sizes accentuated the differences in increasing arm 

circumference, the regression lines of the three bladders were not significantly different from each 

other. Also, in absolute terms the differences were not very relevant when compared with the 13 

χ 36 cm bladder, not even for arm circumferences above 35 cm. 

Most authors report a higher BP with a short, narrow bladder, in comparison with a long, 

wider bladder, but they differ in their opinion about the exact influence of arm circumference. 

Maxwell et al2 comparing 13 χ 23 and 15 χ 33 cm bladders, reported a difference up to 3.2 mm 

Hg systolic and 2.4 mm Hg diastolic in subjects with an arm circumference less than 34 cm. 

Khosla and Lowe9 found no direct relation between arm circumference and BP measurements and 

proposed an indirect influence of arm circumference, due to the correlation between weight and 

BP. Linfors et alì0 (for 12.5 χ 24 and 14.5 χ 37 cm bladders) found no difference in classifying 

subjects with an arm circumference below 35 cm as hypertensive. For a larger arm circumference 

(35-49.5 cm) the 12.5 χ 24 cm bladder yielded a greater prevalence of systolic hypertension, 

without mentioning precise numbers. They concluded that the 14.5 χ 37 cm bladder closely 

approximates true BP. Simpson and Sprafka reported a lower BP with the longer bladders without 

an influence of arm circumference.3,1 ' Sprafka pointed to the underestimation of BP from use of 

a larger bladder than recommended by the American Heart Association.12 But van Montfrans et 
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α/13 found no such underestimation for a large bladder and recommend a bladder of 14 χ 38 cm 

for everyone that would give the best estimate of the intra-artenal BP. Comparable results were 

presented by Croft and Cruickshank14 who pointed to the wide variability between readings from 

the two cuffs. All these findings support the results presented in this study. 

Of special interest is the separate influence of length and width of the bladder, on which 

only a few studies are available. Simpson et al3 reported an on average 3 mm Hg lower systolic 

and diastolic BP with wider bladders. This is again in agreement with our findings where the 

lowest was found using the bladder of 16 χ 23 cm. This could mean that bladder width, as well 

as length, influence the results of a BP measurement, or even that in a given bladder width the 

length is becoming less important. However, using a bladder width of 16 cm would require more 

extensive undressing by the patient, which would hamper its practical value in daily practice. 

The British Hypertension Society15 and the American Heart Association' both 

recommend different bladder sizes for different arm circumferences depending on whether the 

arms are lean, normal or obese. In the light of this, and other studies mentioned, there is no 

justification for these recommendations. 

The challenge of BP measurement in extremely lean or obese subjects warrants special 

comments. This study found a maximum mean difference in SBP of 2.6 mm Hg and in DBP of 

2.0 mm Hg in the most obese arms, which was in the same range as Maxwell et al. Although this 

small variation may be important in epidemiology, since there is a higher prevalence of 

hypertension m obese patients, the danger of misclassification in the very obese appears to be 

limited. 

Our study was limited to arm circumferences of 25-40 cm, and our results cannot be 

extrapolated to leaner subjects as there may be some underestimation of BP measured in this 

group. The available evidence, however, is contradictory. No effects of a bladder length encircling 

the arm for over 100% are reported.16 Although O'Brien'7 argued that overcuffing could 

underestimate BP in very lean arms which could lead to a potential misclassification of truly 

hypertensives as normotensives, there is not much evidence in the literature that a bladder 

encircling the arm over 100% induces underestimation. In that case we should have found in our 

study an underestimation of BP in subjects with arm circumferences between 25 and 30 cm, when 

measured with the 13 χ 36 cm bladder in companson with the 13 χ 23 cm bladder. So, there is 

little evidence to suggest that the regression line that we found would essentially differ for smaller 

arm circumferences. O'Brien18 referred to the distribution of arm circumferences in Ireland: mean 

arm circumference of 30.2 cm with a S.D. of 4 cm. Our study was limited to aim circumferences 

of 25-40 cm and O'Brien's data imply that our study would be representative for a very large part 

of the population. 

In the present study BP measurements were preceded by a 10 minute rest period. Few 

other studies observed a standardised rest penod before their measurements. The WHO19 advises 

a rest penod of at least 5 minutes. Van Loo et al10 have found a mean fall in SBP of 10 mm Hg 

after an interval of 25 minutes. They advise a uniform time-schedule for BP measurements when 
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studies are compared. Because of the 10 minute rest period one can assume that the comparison 

of different bladders took place in a stable phase. We found a small non-significant rise in DBP 

of measurement 1 to 3, whereas there was no change in SBP. Possibly, there was some influence 

due to changing the cuffs. On the other hand, one may conclude, because of the choice of a 

randomised design, that the results are not influenced in a systematic way. Thus, the changing of 

the bladders, the relatively short interval between readings and the high number of readings (nine) 

with possibly painful sensations have not led to visible errors. 

In this study a Hawksley random zero sphygmomanometer was used. It is known that 

there is a systematic tendency to underrate both systolic and diastolic BP with this manometer, 

compared with the conventional mercury manometer.21,22 Although the absolute BP values could 

be influenced by the use of the Hawksley manometer, it is unlikely that the conclusions have been 

affected by measurement bias, because one investigator used one single manometer for all 

bladders and all readings. The possible non-random distribution of the random zero values due 

to insufficient time for filling the diaphragm chamber of the Hawksley manometer23 is not likely 

in this study because the investigator inflated the cuff to a high pressure and waited a moment 

before deflating. 

We conclude that the size of the inflatable bladder of the cuff, as investigated in our study, 

is of minor importance for the interpretation of BP measurements in companson with other 

factors that influence BP measurements. This, m itself, is an important finding for primary care, 

where surveillance of individual BP over time may involve more than one sphygmomanometer, 

and possibly different bladder sizes. Misclassification, and consequent inappropriate treatment, 

will likely occur in only a few cases if different bladder sizes have been used in individual 

monitoring. Special attention should be given to those with BP variation around the cut-off points 

for hypertension diagnosis, and more measurements in that group may be preferred above 

overtreatment. In contrast, in longitudinal studies, in which changes in populations are 

investigated, there can be a systematic difference when BP is not measured with the same bladder. 

This problem can be expected for all arm circumferences, not just for obese arms. For practical 

reasons, further standardisation of measurements could be achieved by recommending one 

bladder size of, for example, 13 χ 36 cm, for standard use. 
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Summary 

Objective: to investigate: 
I. the influence of a rest period on blood pressure (BP) and 
II. to look for the most appropriate rest penod, taking day-to-day circumstances at practices into 
account. 

Methods: two groups were selected. The first group consisted of 130 volunteers not under 
treatment for hypertension. Only the arm circumference was measured in advance, so as to inclu
de enough participants with different arm thicknesses. The second group consisted of 102 patients 
undergoing hypertension treatment at an outpatient clinic. The BP in the first group was measured 
with a Hawksley Random Zero manometer immediately upon amval and then again after a 10-
minute rest period. The BP of the second group was measured five times at a 2-minute interval, 
using an automatic blood pressure meter the Dinamap 1846P. 

Results: after 10 minutes the average systolic blood pressure (SBP) in the non-hypertension group 
dropped 9 mm Hg and the diastolic blood pressure (DBP) 3 mm Hg. In the hypertensive group, 
after an 8 minute rest penod, the decrease was, respectively, 14 and 4 mm Hg. BP decrease was 
the strongest between the first and the second measurement in the hypertension group. Thereafter 
there was a minor further BP decrease. 

Conclusions: taking circumstances at practices into account, where it is difficult to have a long 
rest period, a rest period of at least 4 minutes is recommended, whenever a high BP at entrance 
is found. This is especially important in subjects with an elevated SBP. 
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Introduction 

Every day blood pressure measurements are made on a large number of patients. Normally this 
is performed in a routine manner with general check-ups, at times to find patients with high blood 
pressure and at other times to monitor hypertension treatment. Strict criteria are important for 
hypertension diagnosis, not only for direct patient care, but also for companson against statistics 
on the prevalence of hypertension.1 A blood pressure measurement is taken at a certain moment, 
it represents the blood pressure of a single heart beat. An individual's blood pressure can vary 
considerably over time. This is caused by a variation in actual blood pressure, the biological 
variation.2 There is another source of variation in the way blood pressure is measured, the so-
called analytical variation.3 

Regular blood pressure taking during routine consultation is advised in patients with a high 
cardiovascular risk4, at each health care encounter5 or at least every five years.6 According to the 
Dutch guidelines, prior to the measurement a "rest period of several minutes" is advised to be 
taken into account. This recommendation is in keeping with WHO guidelines.7 The Joint National 
Committee in the United States dictates that measurement should begin after at least 5 minutes 
of rest. In contrast, The British Hypertension Society suggests a three minute rest penod before 
the measurement.8 

However, it is not certain whether general practitioners follow this recommendation. We 
do know, from a study by McKay et al, that blood pressure measurements in American general 
practices did not satisfy the guidelines of the Amencan Heart Association.9 

It is not exactly known how long the rest penod prior to a blood pressure measurement 
should be. Van Loo et al found a considerable decrease in systolic blood pressure (SBP) after a 
rest period of 30 minutes.10 In a general practice there would be practical drawbacks for such a 
long rest penod. It is against this background that the study was earned out, to answer the 
following questions: 

• What is the influence of a rest period on the blood pressure level? 

• What is the minimum time penod that must be observed to obtain a reliable blood pressure 
measurement? 

Methods 

Patients not undergoing treatment 

The first part of the study was earned out on volunteers from a general practice and the general 
population. Dunng the selection process only the arm circumference was taken into account: prior 
to the study it was decided that roughly one-third of the participants should have an arm 
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circumference of between 35 and 40 cm in order to include enough subjects with thick arms. 
Patients between the ages of 20 and 70 at the practice were invited to participate in the blood 

pressure study. In addition, potential subjects were approached at the outpatient clinic of an 
academic hospital and at a campground. Recruiting continued until the desired number of 
participants had been obtained. The arm circumference of the participants was measured. When 
each patient agreed to the study an appointment was made for the blood pressure measurement. 

Blood pressure was measured on the right arm, with patients in a sitting position. All 
measurements were carried out by one person. Blood pressure was measured with the aid of a 
Hawksley Random Zero machine. This apparatus is most commonly used for epidemiological 
studies, in order to combat "observer bias"- in this case the possibility that the researcher may be 
influenced by the previous measurement while reading the blood pressure."1213 The blood 
pressure measurement was taken in a separate room. Blood pressure was measured immediately 
upon the arrival of the patient, and then again after a 10-minute rest: in the meantime, the cuff 
was left on the arm. 

Hypertension patients 

The second part of the study was earned out on hypertension patients at the outpatient clinic of 
an academic hospital. These patients had been referred to the clinic by their general practitioner, 
either due to side-effects of the anti-hypertension medicine used or an inadequate response to 
treatment. The use of anti-hypertensive medication had been suspended at least three weeks prior 
to the study, and the patients were not on any other medication at the time. 

Blood pressure was measured on the nght arm at intervals of two minutes. The measurements 
were carried out with an automatic oscillometnc instrument, the Dinamap 1846P.14 The patients 
were lying down alone in a quiet room while the measurements were taken. Ten measurements 
were made on 70 patients, with the first taken directly upon amval and then every two minutes. 
The other patients were only measured six times. For the analysis only the results of the first five 
measurements were used: the sixth measurement was not considered, so as to exclude any 
possible interference caused by the entrance of the administering physician into the study room. 
The results on the 70 patients who had ten measurements taken were used to track the course of 
blood pressure over a longer penod. 

Analysis 

Differences between the first measurement and the measurements after the rest penod were tested 
using a t-test for paired observations. A vanation analysis was carried out to determine whether 
any change in blood pressure was dependent on sex, age, or arm circumference. 
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Results 

One hundred and thirty-four subjects were recruited from general practices and the general 
population. Three subjects were excluded due to an irregular pulse and one due to a conical arm. 
Therefore the study group consisted of 130 persons (61 men and 69 women). The average arm 
circumference was 31 cm (range 25-40 cm) and the average age was 49 (range 22-70 years). 

The hypertension group comprised 102 persons (45 men and 57 women), after two persons 
were excluded for failing to provide a minimum of six good blood pressure measurements. The 
average age was 46 (17-74 years of age). 

After the rest period a decrease in blood pressure occurred in both groups (see table). The 
decrease was significant (p<0.05) except for diastolic blood pressure (DBF) in the non-hyper
tension group. The scope of the decrease was independent of sex or age. In the non-hypertensive 
group the arm circumference had no influence on the drop. 

The greatest drop, an average of 8 mm Hg systolic and 3 mm Hg diastolic, occurred between 
measurements 1 and 2, followed by a further decrease between measurements 2 and 4 (5 and 1 
mm Hg, respectively); after 6 minutes only the SBP had dropped further (average 1 mm Hg) and 
the DBF remained constant. Even with extra follow-up measurements on the group of 70 no 
further decrease in blood pressure was observed (figure 1). 

Discussion 

A rest period of a few minutes appeared to lead to a considerable decrease in SBP. This is 
important, because in recent guidelines an elevated SBP serves as a criterion for treatment.5 The 
distribution that was discovered must also be taken into account, as the drop may vary 
considerably on an individual basis. 

The drop in DBF was less pronounced, as had also been determined by earlier research. Van 
Loo et al found an average decrease of 10 mm Hg systolic and 1 mm Hg diastolic after a rest 
period of 25 minutes. In that study the first measurement, however, was made after a rest period 
of 5 minutes.10 Shimada et al also found a considerable drop in a group of hypertension patients 
with 4 sequential measurements over a period of 4 minutes; the greatest drop occurred between 
the first two measurements.15 Mancia et al determined that a rest period of 10 minutes can reduce 
any exaggeration of the true blood pressure by half.16 Armitage found, in his study of non-
hypertensive patients, an average drop of 3 mm Hg in systolic blood pressure between the first 
and second measurements.17 In his study blood pressure was tested directly upon arrival and then 
after 2 minutes. DBP showed an average increase of 0.4 mm Hg. Puddey et al found, with a group 
of non-hypertension patients after a 20 minutes' rest, an average blood pressure drop of 7 mm Hg 
systolic and 1 mm Hg diastolic, with the greatest decrease occurring in the first 10 minutes.18 

In our study- earned out in one session- a plateau was reached after 6 minutes: follow-up 
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measurements on most patients indicated only a slight further decrease. The drop in blood 
pressure that occurred after a rest period in one measurement must be distinguished from other 
factors that may have interfered with the course of blood pressure, such as the white-coat and the 
regression to the mean effects: with a group of subjects with a high initial blood pressure the 
average drop measured will be greater. 

In a screening, (systolic) blood pressure can be overestimated if a rest penod is not adequately 

taken into account. In tracking patients with high blood pressure the significance of the results 

obtained lies in better hypertension diagnosis and in a savings of time- even more so, since most 

hypertensive patients have mild hypertension.5 

Brueren et al determined that blood pressure measurements carried out by a general 
practitioner in accordance with the guidelines of the Dutch College of General Practitioners 
yielded higher results, on average, than ambulatory measurements." The extent to which a rest 
period prior to the blood pressure measurement can influence this difference was not investigated 
by them. If a too-high value is found for blood pressure measurements, it is important to take a 
new measurement after a rest period and, if blood pressure remains high, to schedule follow-up 
visits at various times. A rest period of 10 minutes was maintained for the non-hypertensives. 
Based on the results of the group of hypertensives, where the drop primarily took place during 
the first 4 minutes, a shorter time penod could be maintained. However, the optimal circum
stances under which blood pressure measurements were made must be taken into account in both 
groups: a separate room in which no disturbing elements, such as telephones, were present. 
Moreover, the extent to which these optimal circumstances contributed to the drop in blood 
pressure has not yet been determined. 

Some additional remarks should be made on this study. The blood pressure of the non-
hypertensive subjects was measured once , while, in accordance with general guidelines the avera
ge of two measurements is advised. With blood pressure measurements at practices or during 
screenings the difference will therefore be somewhat less. The automatic blood pressure 
measurement was taken in a "laboratory" situation, where the result of the last measurement- the 
moment the physician came into the study room- was not used in the analysis. 

In conclusion, our findings indicate that a rest period of at least 4 minutes should be observed 
whenever high blood pressure is found with the first measurement. This is especially important 
with high systolic blood pressure. A longer rest penod does yield a further drop in blood pressure, 
but is very difficult to realise in routine practice. It is recommended that the observance of a rest 
period should be better standardised before measunng blood pressure. 
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Table 1 Average systolic (SBP) and diastolic blood pressure (DBP) and decrease in BP in mm 
Hg, at the beginning of the study and after 10 minutes rest for non-hypertensive 
subjects (with the aid of the Random Zero sphygmomanometer) and after 8 minutes 
rest for the hypertensive group (with the aid of the automatic BP measurement). 

non-hypertensive group (n=130) hypertensive group (n=102) 

Mean SBP 
(mm Hg) 

Mean DBP 
(mm Hg) 

measurement 

135 
(131-138) 

76 
(74-78) 

after rest 

125 
(122-129) 

73 
(71-76) 

Decrease 

9 
(4-14) 

3 
(-1-6) 

measurement 

167 
(163-171) 

97 
(94-99) 

after rest 

153 
(150-157) 

92 
(90-95) 

decrease 

14 
(11-17) 

4 
(3-6) 

Figure 1 The course of systolic (SBP) and diastolic (DBP) blood pressure over time in patients 

treated for hypertension. Mean values with standard deviations. 
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Summary 

Objective one part of the research is a follow-up, after 17 years, of a 1977 trial of dietary advice 
for patients with hypertension or a family history of premature cardiovascular disease A second 
part of the research was to investigate in 1995 the relation between patients' stage of change of 
fat intake and their dietary intake 

Methods In the intervention group, 840 patients were given health education every 2 months by 
trained practice nurses for one year There were 497 patients with similar coronary risk factors 
in the control group, who received usual care One year after the intervention a significant 
decrease was found (and published) in serum cholesterol concentrations and blood pressure in the 
intervention group Patients were re-examined in 1995 Since 1977 both groups have been treated 
equally if hypertension was diagnosed The two groups were not managed differently with regard 
to dietary advice after 1977 

Results By the time of the 1995 re-examinations, there were no differences in coronary nsk 
factors between the two groups Blood pressures had come down, more so in the control group 
and the percentage of smokers had decreased equally in both groups There were no significant 
differences in intake of dietary fat or in type of fat The lack of difference was still found when 
the groups were divided into those with serum cholesterol concentrations >and<6 5 mmol/L It 
was found that those in stage 5 (sustaining desired changes in behaviour) had the lowest saturated 
fat intake 

Conclusions after 17 years, no differences were found in serum cholesterol or fat intake between 
intervention and control groups 
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Introduction 

Nutntional advice is one of the cornerstones of primary and secondary prevention of cardiovas
cular diseases. Promotion of healthy food in the general population aims at lowering the develop
ment of atherosclerosis. Subjects with an established elevated risk of cardiovascular disease, 
among others, are counselled to change their fat intake. The objective of this counselling is to 
slow down or postpone the development of atherosclerosis: ie, secondary prevention. Secondary 
prevention of cardiovascular disease requires a person-to-person approach over a long time, and 
this form of prevention has been promoted in the personal care that is a part of family practice. 

Nutritional advice in the secondary prevention of cardiovascular disease can be directed at 
lowering intake of saturated fat and increasing intake of polyunsaturated fat to reduce blood 
cholesterol concentrations, at lowering energy intake to reduce body mass, and at restricting salt 
intake to lower blood pressure. 

To be effective, interventions should be maintained over a long penod of time. For smoking 
cessation, long-term outcomes of intervention in general practice has been disappointing1,2. Dieta
ry advice concerning weight reduction as well yielded only limited long-term effects. But little 
is known of the long-term effect of nutritional advice to lower blood lipid concentrations. In 
short-term intervention studies a significant decrease in low-density-lipoprotein (LDL) cholesterol 
was found with both a diet with low total fat and a diet with reduced saturated fat compensated 
by increased unsaturated fat3. Changes in serum lipid concentrations were similar to those seen 
with cholesterol-lowering drugs. 

Strandberg et al4 found no differences in risk factors between intervention and control 
groups 5 years after a trial, although at the end of the tnal all risk factors were significantly lower 
in the intervention group. Treatment of hyperlipidemia as well as of hypertension has proved to 
be effective, but there is a marked difference in effectiveness between antihyperlipidemic and 
antihypertensive therapy in primary care settings and the benefits reported in randomised tnals5'6. 
In many patients in general practice, hyperlipidemia and hypertension are controlled inadequate
ly7. It can be assumed that an important factor in success is an individual's perceived need to 
change his or her nutrition habits. This perception can be evaluated by determining a patient's 
stage of change, which ranges from precontemplation to maintenance8,9. 

The aim of the present study was to assess the long-term effect of nutntional advice after 
screening for cardiovascular nsk. Blood cholesterol concentrations and stages of change were 
measured in two groups of patients, 17 years after their participation in a pnmary care-based 
screening: a group with an elevated nsk at the initial screening and a group with low-normal risk 
at the initial screening. 
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Design and research procedures 

Serum cholesterol, stage of change, smoking status, body weight, and blood pressure were 
measured in 1994-1995 in subjects who had taken part in a family practice-based screening for 
cardiovascular nsk in 197710. Participants were recruited from the family practices of the 
Nijmegen Monitoring Project, the research network of the Nijmegen University Department of 
Family and Social Medicine. The objective of this research network is to study the long-term 
outcome of chronic diseases, including cardiovascular disease, in family practice. The clinical 
condition of patients under treatment is systematically monitored and feedback is given to the 
family physician responsible for their treatment. 

The 1977-1978 screening 

The screening in 1977-1978 took place in six practices in the Nijmegen region. In the period from 
1 February 1977 until 1 February 1978 all patients between 20 and 50 y of age, who visited their 
doctor were invited for screening. The whole population consisted of 10 284 patients. The scree
ning was performed by specially trained practice nurses and consisted of a medical and family 
history on cardiovascular diseases; smoking was assessed with use of a standard questionnaire. 
Body weight was measured without shoes on a balance scale; blood pressure was measured with 
a mercury sphygmomanometer. Systolic blood pressure (SBP) and diastolic blood pressure (DBP) 
were measured twice on the right arm with the patient sitting after a rest period. 

Serum cholesterol concentration was measured with the Liebermann-Burchard reagent, with 
Huang modification, at the laboratory of the Wageningen Agricultural University. The laboratory 
took part in the Co-operative Cholesterol Standardisation Program of the World Health 
Organisation with the Centre for Research in Blood Lipids in Atlanta as a reference". 

A cardiovascular risk profile was drawn for every participant, and those with an elevated 
risk were referred to their family physician. The criteria for the nsk profile were derived from the 
Coronary Risk Handbook, developed by the American Heart Association12, without the criteria 
for electrocardiogram abnormalities. Hypertension was defined as SBP > 160 or DBP > 95 mm 
Hg or both in men aged < 40 y, SBP > 160 or DBP > 100 mm Hg or both in men > 40 y, SBP 
> 180 or DBP > 100 mm Hg or both in women aged < 40 y, and SBP > 180 or DBP > 105 mm 
Hg or both in women aged > 40 y. A family history of cardiovascular disease (cardiovascular 
disease before the age of 65 y in first-degree relatives) with borderline hypertension was also a 
reason for intervention. Borderline hypertension was defined in men as SBP between 140 and 161 
or DBP between 90 and 95 mm Hg or both in men aged < 40 y and SBP between 140 and 161 
or DBP between 96 and 100 mm Hg or both in men aged > 40 y. For women, borderline hyper
tension was defined as SBP between 160 and 180 or DBP between 95 and 100 mm Hg or both 
in women aged < 40 y and SBP between 160 and 180 or DBP between 100 and 105 mm Hg or 
both in women aged > 40 y. 
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The six practices were randomly divided into four intervention and two control practices. 
The 20% of all participants with the highest risk scores were invited to participate in the inter
vention in these four practices. In the intervention practices, family physicians received support 
for 1 year in the follow-up of the identified high-risk patients. Patients were given health educati
on every 2 months by trained practice nurses, whereas the control family physicians prescribed 
unsupported advice. Thus, the intervention compared the outcome of cardiovascular risk in high-
nsk patients under supervised care with outcome m high-risk patients under usual care. 

After this intervention study, all practices received (computer-assisted) monitoring in 1982 
of the follow-up of their patients with hypertension and later with diabetes. All cardiovascular 
events were registered. This developed into the Nijmegen Monitoring Project network of the 
Department of Family and Social Medicine. 

The 1994-1995 rescreening 

In 1994-1995 the long-term outcome of the 1977-1978 screening and intervention was studied. 
The first step was to establish whether participants of the screening were still alive and lived in 
the practice area. The files of patients who had died were studied for cause of death, and for 
patients, who had moved to another area, their new family physician was contacted to establish 
their current health status. 

The subjects still living in the practice area were considered for the follow-up study. All 
with an elevated cardiovascular risk at the 1977-1978 screening were invited, as were a random 
20% sample of those with a low-normal cardiovascular risk at that time. The following 
information was collected at the rescreemng. 
1. Cardiovascular events since 1977 were recorded based on the computerised practice records. 
2. Smoking status, body mass index, and blood pressure were measured as in 1977. 
3. Nonfasting serum cholesterol concentrations were measured with the enzymatic method at 

the laboratory of the Canisius Wilhelmina Hospital at Nijmegen. 
The quality control standards of the national laboratory foundation were met. The internal 
quality control data of the laboratory were analysed to detect laboratory drifts. 

4. Trained research assistants measured fat intake and dietary attitude in the local family prac
tice. The questionnaire used assessed fat intake and the patient's attitude toward fat intake and 
the barriers in changing toward consumption of healthy foods. Patients' attitudes toward fat 
intake were established by use of a stage-of-change algorithm. The short questionnaire defines 
an individual's stage of dietary fat reduction and had been validated'314. The stage-of-change 
model is a dynamical model that classifies behaviour into five stages: precontemplation (not 
yet considering the behavioural change of interest), contemplation (considering change), 
preparation (actually planning change), action (actively changing), and maintenance 
(sustaining the desired changes in behaviour). 
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Analysis 

Current fat intake and stage of dietary change were treated as independent variables and blood 

cholesterol in 1995 was the dependent variable. Correlations were assessed between fat intake and 

1. serum cholesterol concentrations and 2. stage of change in dietary attitudes. Correlations were 

also computed between the stage of dietary change and serum cholesterol concentrations. The 

SAS program (SAS Institute, Ine, Cary, NC) was used for analysis. 

Results 

Table 1 Study population for men and women by age and sex 

20-29 y 

30-39 y 

40-49 y 

Men 

(η = 3404) 

987 

1384 

1033 

Women 

(η = 3688) 

1207 

1401 

1080 

Total 

(η = 7092) 

2194 

2785 

2113 

Table 2 Mean value of coronary risk factors in high-risk subjects in the intervention and con

trol groups in 1977 and 1995. Mean age of both groups was 56 y (range 39-68 y). 

DBP, diastolic blood pressure; SBP, systolic blood pressure 

Intervention group Control group 

(n=360) (n=112) 

Risk factors 

serum cholesterol (mmol/1) 

DBP (mm Hg) 

SBP (mm Hg) 

smoking 

BMI (kg/m2) 

1977 

6.3 ±1.13 

88.5 ±10.1 

144.0 ± 16.5 

60.0 % 

25.4 ± 3.2 

1995 

6.5 ± 1 10 

85.0 ± 10.6 

142 0 ±19 8 

33 6% 

27 1 ± 4 1 

1977 

6.1 +1.10 

91.8 ± 14.4 

149 7 + 17.7 

53.6 % 

25.5 ±3.2 

1995 

6.5 ± 1.30 

84.6 ± 8.4 

139.8 ±17.0 

34 2 % 

26.5 ±3.6 

Results are expressed as means ± SE 
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The study population in 1977 by age and sex is shown in table 1. A total of 7092 patients 

participated in 1977 (68.9% of the total population invited for screening). At the basic screening 

the high-risk group consisted of 840 subjects in the intervention group and 497 subjects in the 

control group. In 1995 there were 938 subjects alive in the practices. 630 of the intervention group 

and 308 of the control group. Seventy-six subjects died and 323 had moved from the practice 

area. 

As shown in table 2, except for blood pressure, mean values for the coronary risk factors 

did not differ significantly between the intervention and control groups. Systolic and diastolic 

blood pressure decreased more in the control group than in the intervention group, but patients 

in the control group had higher blood pressures at the 1977 screening. 

Dietary fat intake, measured with the questionnaire, is shown in table 3. There was no difference 

in mean fat intake between the two groups. To see whether there was a relation between fat intake 

and serum cholesterol, we compared the fat intake with serum cholesterol for different groups. 

The cholesterol guidelines of the Dutch College of General Practitioners advise treatment at a 

serum total cholesterol concentration of 6.5 mmol/L in combination with one ore more 

cardiovascular nsk factors. In light of that guideline we used a serum total cholesterol 

concentration of 6.5 mmol/L as the cut-off. 

Table 3 Mean fat intake (measured with the food-frequency questionnaire) and serum 

cholesterol concentration in 1995 

fat (g) 
total 

saturated 
monounsaturated 

polyunsaturated 

fat (% of energy) 

total 
saturated 

monounsaturated 
polyunsaturated 

serum cholesterol (mmol/l) 

Intervention group 
(n = 360) 

105.8 

38.0 

35.9 

25.7 

38.5 

13.8 

13.0 

9.4 

6.5 

±42.5 

±15.4 

± 16.4 

±11.9 

±6.9 

±2.7 

±3.2 

±3.2 

±1.1 

Control group 
(n = 112) 

103.3 

38.5 

36.1 

22.2 

39.3 

14.7 

13.7 

8.4 

6.5 

±37.1 

±13.5 

± 15.1 

± 10.6 

±7.8 

±3.2 

±3.6 

±3.1 

± 1.3 

Results are expressed m meam ± SE 
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Fat intake and serum cholesterol concentrations in 1977 for the intervention and control groups 

are shown in table 4. There was no relation between high and low blood cholesterol in the 

intervention and control groups as measured in 1977 and fat intake in 1995, despite the interventi

on in the high-cholesterol intervention group in 1977. 

To look for an influence of nutrition counselling on dietary behaviour we investigated 

the relation between high blood cholesterol in 1977 and the stage of change in 1995. There was 

no relation between intervention and control groups and the stage of change for either high or low 

blood cholesterol. 

Table 4 Mean fat intake in 1995 in relation with blood cholesterol in 1977 (low versus high) 

for intervention and control groups 

Serum cholesterol low 
(<6,5 mmol/L) 

Serum cholesterol high 
(26,5 mmol/L) 

fat (% of energy) 
total 

saturated 

monounsaturated 

polyunsaturated 

faKg) 
total 

saturated 

monounsaturated 

polyunsaturared 

mean cholesterol 1977 
mean cholesterol 1995 

> 6.5 mmoM in 1995 

Intervention 
group 

(n=207) 

38.7 ±6.9 

14.1+2.9 

13.2 ±3.2 

9.1 ±2.9 

106.0 ±45 

38.7 ±16.6 

36.5 ±17.5 

24.7 ±11.4 

5.5 ±0.73 
6.1 ±0.92 

36% 

Control 
group 

(ii=77) 

39.9 ±7.4 

14.9 ±3.3 

14.0 ±3.6 

8.4 ±3.0 

104.0 ±35 

38.8 ±12.8 

36.8 ±14.5 

22.1 ±10.2 

5.5 ±0.75 
6.2 ± 1.10 

41% 

Intervention 
group 

(n=153) 

38.3 ±7.0 

13.5 ±2.4 

12.7 ±3.1 

9.8 ±3.4 

105 ± 39 

37.1 ±13.6 

35.1 + 14.8 

27.0 ±12.6 

7.3 ±0.78 
6.9 ±1.2 

58% 

Control 
group 

(ii=35) 

3.2 ±8.4 

14.4 ±3.1 

13.0 + 3.5 

8.4 ±3.2 

100.0 ± 43 

37.8 ±15.0 

34.5 ±16.4 

22.4 ±11.6 

7.3 ±0.66 
7.2 ±1.54 

69% 

Results are expressed as means ± SE 
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Table 5.1 Relation between fat intake and stage of change for MEN (n-259) 

stage of change—> 

energy (kj) 

fat (% of energy): 

total 

saturated 

monounsaturated 

polyunsaturated 

1 
n=77 

12332 

43.2 

15.6 

15.1 

9.5 

2 
n=34 

11279 

38.2 

14.0 

13.3 

8.6 

3 
n=23 

10542 

39.8 

14.6 

4.0 

8.7 

4 
n=23 

11891 

41.2 

14.8 

14.5 

9.3 

5 
n=102 

9988' 

36.03 

12.83 

11.7 

9.3 

Table 5.2 Relation between fat intake and stage of change for WOMEN (n=208) 

stage of change—> 

energy (kj) 

fat (% of energy): 

total 

saturated 

monounsaturated 

polyunsaturated 

1 
n=32 

8505 

38.9 

14.4 

13.1 

9.1 

2 
n=19 

9425 

39.4 

14.8 

14.4 

8.0 

3 
n=30 

9212 

39.8 

14.5 

13.8 

9.2 

4 
n=43 

8769 

40.0 

15.1 

13.6 

8.9 

5 
n=84 

834 f-

35.8" 

12.83 

11.6 

9.3 

'"Significantly different from other stages 'p<0.001; 2p<0.01; 3p<0.0001; "' p<0.0004. 
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To determine the consequences of our findings for general practice, we counted the 

proportion of patients who currently need special attention for their food habits. Dietary guide

lines in Holland, as elsewhere in Europe, recommend reduction of fat intake to 30-35% of energy. 

In the whole high-risk group, 87 men of the 254 patients (34%) had a serum cholesterol 

concentration > 6.5 mmol/L and a dietary intake of > 35% of energy as fat. In women, 68 of the 

218 patients (31%) needed dietary advice. Only 25% of the total high-nsk group had a dietary 

intake of <35% of energy as fat. 

The relation between stage of change and fat intake is shown in table 5.1 (men) and table 
5.2 (women). Energy intake was higher in men than in women. Fat intake differed among the 
stages of change: subjects in stage 1 of change had the highest fat intake and subjects in stage 5 
the lowest. 

This relation was more clear for men. Energy and fat intakes of patients in stage 5 were 
different from intakes of patients in the other stages and this difference was significant in both 
men and women. The lack of correlation between the stage of change and high and low 
cholesterol concentrations in the intervention and control groups confirms that attitude to diet is 
not explained by the intervention in 1977. 

Discussion 

This study investigated the impact of nutritional counselling on cardiovascular risk factors 17 
years after the intervention. No differences were found in serum cholesterol or fat intake between 
the intervention and control groups. One year after the intervention penod a significant decrease 
has been found in serum cholesterol and blood pressure in the intervention group. Our findings 
in the present study agree with a 5-y follow-up in this cohort, in which no differences were found 
in cardiovascular nsk factors between the intervention and control groups 15''6. 

The general practices in this study are involved in the Nijmegen Monitoring Project, in 
which continuous feedback is given to the practices on patients under treatment for hypertension 
and diabetes. It is to be expected that the lower blood pressures found in 1995 are an effect of this 
monitoring and treatment of hypertension. But this effect has been directed at both intervention 
and control groups. Further analysis of blood pressure figures showed a greater decrease in blood 
pressure in patients under treatment for hypertension and a small increase for patients not under 
treatment for hypertension (data not shown). 

For dietary advice there is no guideline in general practice. Despite intensive nutrition 
counselling in the intervention group, no difference in attitude between the two groups could be 
shown. The mean serum cholesterol concentration in both groups was higher than the mean in 
the Netherlands for that age group17. A considerable number of patients (78% of the men and 70% 
of the women) who are at high risk for cardiovascular diseases had unfavourable fat intakes, 
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although about 20% of the patients answered that they had visited a dietician in the past 17 years. 

We know no other study in family practice in which the stage-of-change measurement was 

included. Stage of change was an independent factor in predicting fat intake in patients, who were 

at risk for cardiovascular disease. Subjects who were in the stage of maintenance of their dietary 

change had significantly lower fat intakes than did patients in other stages, especially patients in 

stage 1 (never thinking of changing diet behaviour). In another study in general practice it was 

shown that tailored nutrition messages had a positive effect on promoting dietary changes1 . 

Patients who were in the stage of maintaining dietary change did remember the message more 

often than those in other stages. Not remembering the consequences of high blood cholesterol was 

accompanied by a more negative attitude toward changing the diet' . 

The only way to success seems to be behavioural change, as shown with the stage-of-

change model. Nutritional advice should be more tailored. Before starting to change a patient's 

diet, a judgement about attitude must first be gained. In contrast with the management of chronic 

diseases such as hypertension and diabetes for which the doctor has a greater influence by 

prescription of drugs, management of unfavourable diet habits requires another approach. Further 

investigation is needed to look for strategies to use in general practice to change attitudes toward 

dietary habits of patients who are at high risk for cardiovascular disease. 
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Summary 

Objective: to determine the factors that influence diastolic blood pressure (DBF) and the 
incidence of hypertension. In 1977, DBF and cardiovascular risk factors were measured in 7092 
men and women. 

Methods: in 1995,2335 subjects participated at a second screening. Those patients, already under 
hypertension treatment in 1977 were excluded. The DBF tracking was studied in subjects not 
under hypertension treatment during the study. Hypertension was defined on two ways in the 
analysis: under current hypertension treatment or a DBF > 95 mmHg measured at rescreening in 
1995. 

Results: Forty-seven percent of the subjects with a DBF < 75 mm Hg in 1977 remained in the 
same category of DBF in 1995 and 7% had become hypertensive. Of the 75-84 mm Hg group in 
1977,40% stayed in the same category in 1995 and 15% became hypertensive. Of the 85-94 mm 
Hg category, 30% stayed in the same category and 30% became hypertensive in 1995. Of the 
highest category in 1977 (> 95 mm Hg) 64% were still in that category in 1995. Baseline DBF 
in 1977 had the highest predictive value for future DBF. Weight gain over the years increased the 
risk for future hypertension, in contrast there was no risk at a low DBF without weight gain. 

Conclusions: There is no need for regular check-ups for those patients with a low DBF who 
experience no weight gain. Borderline DBF (85-95 mm Hg), together with weight gain, increases 
the risk of development of hypertension. The risk was especially high for men in the lower socio
economic class. 
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Introduction 

A persistent elevation of blood pressure (BP) is a known risk factor for cardiovascular disease. 
The relationship between BP and cardiovascular disease and mortality is quantitative: the higher 
the BP, the greater the risk1. Although repeated measurement is needed to classify patients 
correctly2, one single BP reading has a predictive value for future blood pressures. In primary care 
one BP measurement is often the first step regarding further monitoring, as long term follow-up 
of patients with high-normal BP can prove to be quite time-consuming, given that many patients 
remain normotensive3'4. Prospective studies have shown that higher initial blood pressures 
increase the nsk of aquinng hypertension in the future. In the MRC trial between 12 and 15% of 
persons with diastolic blood pressure (DBP) of at least 90 mmHg developed hypertension within 
3 to 5 years . 

A study of tracking of blood pressure over time will give information about the natural 
course of blood pressure and the nsk for developing hypertension6. In men there is evidence that 
young adults in the top of blood pressure distnbution are likely to stay in the same class over 
time7. From the ages of 20 to 45 years systolic blood pressure (SBP) hardly nses in men and 
women, whereas after that age, the nse in SBP is steeper in women than in men, resulting in 
higher SBP in older women8,9. DBP increases more constantly in adult life to reach a maximum 
value around the age of 50 years in men and 60 years in women. From a preventive point of view, 
it would be helpful to be able to predict, to a certain extent, whether an adult patient will become 
hypertensive over the years, as such knowledge could eliminate the need for regular BP 
screenings and thus result in a significant time saving. Insight into the contnbution of the determi
nants of BP increase will provide an opportunity for preventive advice in individuals. For 
instance, it is known that a high body weight in adolescents is related to higher blood pressures 
in adult life6'10 but the predictive value of this risk factor for the development of hypertension is 
not very high, so screening for high blood pressure is advised in all adults11. Obesity and weight 
gain have been proved to be an important factor in the development of hypertension in 
adults1213'4. Hypertensive patients were found to have higher levels of modifiable cardiovascular 
nsk factors, especially in the lower socio-economic class' . However, an investigation into the 
changes in BP in individuals requires longitudinal data. The Framingham heart study showed data 
of the nsk for acquiring hypertension, but did not look at those not developing hypertension16. 
Former BP tracking studies were carried out in selected populations6,7 or in untreated patients, 
participating in hypertension treatment tnals3,4. No data, in the Netherlands investigating BP 
changes in individuals over time are known to us. 

In 1977 cardiovascular risk factors were measured in 7,092 patients aged 20-50 years, as 
part of an intervention project. In 1995, when these patients were between 38 and 68 years of age, 
a part of the cohort of 1977 was invited to undergo a réévaluation of their cardiovascular nsk 
factors. The aim of the present study was to investigate how BP developed over 18 years in 
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patients not undergoing hypertension treatment in 1977, relative to advancing age and other 

factors that could have an influence on the course of BP and the onset of hypertension. 

Subjects and Methods 

Subjects were patients of six general practices participating in the Nijmegen Monitoring Project, 

the registration network of the Department of General Practice of the University of Nijmegen. 

The 1977 setting 

The intervention in participants of the Nijmegen Cohort Study was earned out from February, 

1977 to September, 197817. Some details about this study have been reported elsewhere18. Briefly, 

the project set out to study the feasibility and the effect of intervention on cardiovascular risk 

factors in general practice. All patients, bom between 1927 and 1957, were invited in for a health 

screening, when they visited their physician. A 33% sample of those who did not come to the 

practice in that period were notified by letter. The cardiovascular nsk factors were measured in 

7,092 whites. A questionnaire about family nsk factors, smoking habits and physical activity was 

administered. Blood pressure, height and body weight were assessed and a blood sample was 

taken for serum cholesterol. Blood pressure was taken as the average of two readings, measured 

twice in the nght arm of sitting subjects after a 5-minute rest. The fifth phase of the Korotkoff 

sounds was recorded as the DBP. For subjects with an arm circumference of less than 30 cm a 

bladder of 13 χ 23 cm was used, and for obese subjects a bladder of 16 χ 23 cm. Nonfasting 

serum cholesterol concentration was measured with the Liebermann-Burchard reagent with 

Huang modification at the Laboratory of the Wageningen Agriculture University. The laboratory 

participated in the "Cooperative Cholesterol Standardisation Program" of the World Health 

Organization, with the Centre for Research in Blood Lipids in Atlanta as reference19. 

Socioeconomic class was based on the profession of the participants and divided in three 

categones, upper, middle and lower. A cardiovascular nsk profile was drawn up for every patient, 

and the 20% with the highest risk level, the so-called high-nsk group, were referred to their 

family physician. The cardiovascular risk allocation was based on BP, smoking habits, serum 

cholesterol, the existence of diabetes and family history for cardiovascular disease. 

As was described earlier, the cntena for the high risk profile were derived from the 

"Coronary Risk Handbook" from the American Heart Association20, without the criteria for 

electrocardiogram abnormalities. Clear hypertension, based on the mean of two different measure

ments at two different moments, was defined as SBP >160 mmHg in men and >180 mmHg in 

women and/or DBP > 95mmHg in men younger than 40 years old or >100 mmHg in men of 40 

years and older, and >100 mmHg and 105 mmHg in women. A family history of cardiovascular 

disease (cardiovascular disease under the age of 65 in first-degree relatives) with a borderline 
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hypertension was also a reason for intervention. Borderline hypertension was defined as SBP be

tween 140 and 160 mmHg and/or DBP between 90 and 95 mmHg in men younger than 40, and 

between 140 and 160 and/or 96 and 100 mmHg in men of 40 years and older. For women 

borderline hypertension was defined as SBP between 160 and 180 mmHg and/or DBP between 

95 and 100 mmHg for those under 40 year, and 160 and 180 mmHg and/or 100 and 105 mmHg 

in women of 40 years and older. The sujects examined in 1977 were followed up until 1995. 

The 1995 rescreening 

In 1995, the long-term outcome of the 1977 screening and intervention was studied. As a first 

step, it was established whether participants of the screening were still alive, and lived in the 

practice area. The files of the deceased patients were studied for the cause of death. Of those who 

had moved to another area, their new family physician was contacted to establish their current 

health status. The subjects still living in the practice area were considered for the follow-up study. 

All patients who had an elevated cardiovascular nsk during the 1977 screening, as well as a 

random sample of 33% of those with a low-normal cardiovascular nsk at that time were invited. 

Two thousand six hundred patients were invited for remeasurement of the cardiovascular risk 

factors. As in 1977, we assessed the cardiovascular nsk factors with the help of specially trained 

assistants. The assistants who measured in 1995 were blinded to the initial BP's or risk strata. A 

bladder of 13 χ 36 cm was used for every one, according to the present guidelines of the Dutch 

College of General Practitioners21. The serum cholesterol was measured in the Camsius Wilhel-

mina Hospital in Nijmegen with an enzymatic cholesterol assay method. The quality control 

standards of the national laboratory foundation were met. We analysed the internal quality control 

data of the laboratory to detect laboratory dnfts. Body weight was measured, and smoking status 

and familial risk factors were also administered. Respondents were classified as current smokers, 

never smokers, and earlier smokers. 

Analysis 

Only BP values of those not under hypertension treatment at basic screening were selected for this 

analysis, as the data on subjects who were undergoing treatment at the basic screening were 

analysed separately. There were two possible outcome variables of high BP in 1995: DBP 95 mm 

Hg or higher, measured at rescreening in 1995, or under current use of antihypertensive 

medication. Patients with a DBP of at least 95-mm Hg in 1995 were invited to the practice office 

for another two measurements. The hypertension diagnosis in the current treatment group was 

made according the guidelines of the Dutch College of General Practitioners, meaning three times 

a mean DBP of at least 95 mm Hg, measured at three different moments. The natural course of 

BP was investigated in the group that was not treated for hypertension in 1977 or in 1995. 



62 The Nijmegen Cohort Study 

Differences between BP values were calculated. The influence of determinants on the risk for 

developing hypertension was assessed by means of a logistic regression model. Hypertension was 

the dependent variable, analysed on two ways: first, with the use of current antihypertensive 

medication, and second, together with DBP in 1995 of at least 95 mm Hg. The independent vari

ables in the analysis were age, gender, smoking status, blood pressure in 1977, cholesterol in 

1977, difference in cholesterol between 1995 and 1977, body mass index (BMI; kg/m2) in 1977, 

socio-economic class, and weight change in kilograms over time. Smoking status was monitored 

as dummy variable, with never smoked as reference against current smokers and ex-smokers. 

Socio-economic class was taken as dichotomous variable with upper and middle social class 

against lower socio-economic class. Rate risks for the development of hypertension were 

computed. 

Results 

Of the 2,600 patients who had been invited for the second screening, 2,335 patients had 

participated. Of these, 97 patients had already been under hypertension treatment in 1977, and 

were thus excluded from analysis. There were 265 (10.2%) patients who did not participate, 38 

due to serious illness, 173 due to refusal, and 54 due to relocation. No difference was found in 

the score of baseline variables between respondents and those who did not participate. Some 

characteristics of the study population in 1977 are given in Table 1. Of the participants, 10% 

belonged to the upper socio-economic class, 36% to the middle, and 54% to the lower socio

economic class. 

Table 1 Some characteristics of the cohort in 1977. Parenthetical values are standard 

deviation. 

non high-risk group high-risk group 

mean age (y) 

mean BMI (kg/m2) 

mean serum cholesterol 

(mmol/L) 

percentage smokers 

SBP (mm Hg) 

men (n=753) 

34.6 lr 20-50] 

24.2 ( 2.8) 

5.0 ( 0.8) 

56% 

131.2 (11 1) 

women (n=757) 

34.7 [r: 20-51] 

23.5(3 2) 

4.8 (0.7) 

467o 

125.6(11 8) 

men (n=419) 

37.3[r:20-51] 

25.6 (2.8) 

6.3(1.2) 

76% 

147 1 (16.0) 

women (n=309) 

36.9 [r: 20-51] 

25.4 ( 3.8) 

6.2 (1.1) 

44% 

144.9 (19.0) 
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The results of the study on the natural course of BP in 1977 and 1995 in the untreated group are 

shown in table 2. In both instances, men showed a higher mean SBP and DBP than did women. 

The mean SBP in the untreated group did not change in men. The DBP increased both in men and 

women. The standard deviation in SBP was greater in 1995. 

Table 2 Systolic (SBP) and diastolic blood pressure (DBP) in mm Hg in 1977 and 1995 

for patients not under hypertension treatment. Means (± SD) are given. 

mean SBP 1977 

mean SBP 1995 

mean DBP 1977 

mean DBP 1995 

men 

η = 1014 (86.6%) 

134.7(13.3) 

134.7(16.4) 

81.3(10.0) 

84.3 ( 9.2) 

women 

η = 891 (83.6%) 

128.0 (14.0) 

131.9 (18.7) 

79.5 (9.8) 

81.7 (9.2) 

Tracking of SBP and DBP and the onset of hypertension in relation to the 1977 BP is demon

strated in figure 1. The 1977-measured DBP was divided into four categories. For each category, 

the 1995 DBP is given. The highest 1995-BP category consisted of patients under hypertension 

treatment, together with those patients not under hypertension treatment but with a DBP in 1995 

of at least 95 mm Hg. The 1977 measured SBP was divided into three categories, with the highest 

category based on SBP > 160 mm Hg or under hypertension treatment. 

The incidence of medication-treated hypertension for both the high-nsk and non high-nsk 

group in this cohort was 13.4% (157/1172) in men and 16.4% (175/1066) in women. When 

considered separately for the 1977 high-risk and non high-risk group, 28% of the high-nsk group 

was treated for hypertension in 1995 compared with 10% in the non high-risk group. The percen

tage smokers decreased between 1977 and 1995, with about 50% showing no difference between 

the high risk and non-high risk group. There were 192 patients (125 men and 67 women) with a 

DBP of 95 mm Hg or higher in 1995. According to the guidelines in the Netherlands, 

hypertension diagnostics starts when a DBP of at least 95 mm Hg is found. To gain insight into 

the number of patients with clear hypertension in this cohort, patients with a DBP of 95 mm Hg 

or higher were called in for another two BP measurements. The result was that a further 37 

patients came under hypertension treatment, so the real incidence of treated hypertension in this 

cohort was 14.8% in men and 18.4% in women. 
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Figure 1 Diastolic blood pressure (DBP) and Systolic blood pressure (SBP) in 1977 (x-axes) in relation 

to SBP, respectively DBP in 1995 (y-axes) for different categories. 

NOTE: * SBP ì 160 and DBP above 95 mm Hg in 1995 for two categories: the hatched 

portion is hypertension treatment, the black portion is SBP 2 160, resp. DBP 2 95 mm Hg. 
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Table 3 Regression analysis for the influence of determinants on the risk of developing 

hypertension. Diastolic blood pressure (DBF); Body Mass Index (BMI); Difference 

cholesterol '95-77 means the difference between serum cholesterol values in mmol/l 

in 1995 and 1977, expressed as 1995 minus 1977. Parenthetical values are 95% 

confidence intervals. 

a. Current hypertension 

Independent variable 

baseline DBP 

weight gain 

BMI 1977 

diff. chol.,96-,77 

social class 

age 

cholesterol 1977 

smoking 

treatment in 

men 

coefficient 

0.129 

0.046 

0.060 

-0.320 

-0.525 

0.033 

-0.160 

-0.116 

1995 

Odds Ratio 

1.14(1.11-1.16)** 

1.05(1.02-1.08)** 

1.06(0.98-2.14) 

0.73 (0.58-0.93)** 

0 59 (0.39-0.89)* 

1.03(1.00-1.06)* 

0.85(0.69-1.06) 

0.89(0.58-1.36) 

women 

coefficient 

0.116 

0.039 

0 074 

-0.037 

-0.017 

0.007 

-0.031 

-0 178 

Odds ratio 

1.12(1.10-1.15)** 

1.04(1.01-1.07)** 

1.08(1.02-1.14)* 

0.96(0.78-1.19) 

0.98(0.70-1.49) 

1.01 (0.98-1.03) 

0.97(0.78-1.20) 

1.20(0 54-1.29) 

b. Current hypertension treatment 

independent variable 

baseline DBP 

weight gain 

BMI 1977 

diff. chol.,96-,77 

social class 

age 

cholesterol 1977 

smoking 

men 

plus 

coefficient 

0.111 

0.047 

0.048 

-0.044 

-0.355 

0.007 

-0.32 

-0.184 

DBP i 95 mmHg m 1995 

Odds Ratio 

1.12(1.10-1.12)** 

1.05(1.02-1.08)** 

1.05(0.99-1.11) 

0.98(0.80-1.14) 

0.70(0.51-0.96)* 

100(0.98-1.02) 

0 97(0.82-1.15) 

0 83(0.60-1.16) 

women 

coefficient 

0.115 

0.046 

0.077 

0.127 

0 053 

-0.000 

-0.060 

0.035 

Odds ratio 

1.12(1.10-1.15)** 

1.05(1.02-1.07)** 

1.08(1.02-1.14)* 

1.13(0.94-1.37) 

1 05(0.75-1.48) 

1.00 

0.94(0.78-1.14) 

1.04(0.70-1.53) 

1 p<0.005 *p<0.05 
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The results of the logistic regression analysis on risk factors for developing hypertension are given 
in table 3a and 3b, first with current hypertension treatment and next together with DBP ï 95 mm 
Hg in 1995 as a dependent variable. In women, BMI at the start of the study and weight gain, 
together with the DBP at screening was the only significant risk factor for acquiring hypertension 
treatment. Besides these factors, socioeconomic class and difference in cholesterol had a 
significant negative influence in men. Smoking behavior and familial nsk had no influence on 
the development of hypertension. Difference in cholesterol in men between 1995 and 1977 was 
the only variable that changed when subjects with DBP s 95 mm Hg were added to the 
hypertension group. The difference stayed when the variable basic cholesterol was excluded from 
the analysis. No significant interaction was found between DBP and weight gain in the regression 
analysis. Univariate correlation analysis showed a negative correlation between age and weight 
gain. 

Table 4 Risk Ratio's, for men and women separately, for developing hypertension in relation 

to diastolic blood pressure (DBP) at basic screening and weight gain in 18 years 

(CI= 95% confidence interval). N= number per subgroup; % hyp means the 

percentage of individuals categorized as treated hypertensives in 1995. 

DBP <75 mmHg 
weight gain: 

<5 kg 
5-10 kg 
>10 kg 

DBP 75-85 mmHg 
weight gain: 

<5 kg 
5-10 kg 
>10 kg 

DBP>85 mmHg 
weight gain: 

<5 kg 
5-10 kg 
>10 kg 

men 

η 

95 

93 

93 

159 

127 

100 

285 

128 

102 

%hyp 

5.3 

8.6 

5.4 

11.9 

15.7 

20.0 

36.5 

40.6 

48.0 

Risk Ratio (CI) 

1.0 

1.6 

1.1 

2.3 

3.0 

3.8 

6.9 

7.7 

9.1 

(0.6-4.8) 

(0 3-3.8) 

(0.9-5.7) 

(1.2-7.2) 

(1.6-8.9) 

(3.6-13.3) 

(3.9-15.1) 

(4.5-17.4) 

women 

η 

107 

105 

106 

151 

99 

98 

195 

110 

95 

%hyp 

0.9 

7.6 

11.3 

8.6 

13.1 

26.5 

36 9 

46.3 

48.4 

Risk Ratio (CI) 

1.0 

8.2 

12.1 

9.2 

14.1 

28.4 

39.5 

49.6 

51.8 

(1.5-44.5) 

(2.6-57.0) 

(1.8-46.9) 

(3.2-62.6) 

(8.4-95.7) 

(14.1-111.0) 

(18.6-132.0) 

(19.6-137.0) 
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In contrast, a positive coirelation between BMI and development of hypertension was found. Age 
was univariately significant correlated with the occurrence of hypertension (r=0.14), but this 
relation disappeared largely in the multivariate logistic regression model. The risk of developing 
hypertension was computed by means of the risk ratio for different groups of initial BP. The 
group with the lowest risk was taken as reference: those with an initial DBP less then 75 mm Hg 
and weight gain less than 5 kg. DBP was divided in three classes: less than 75, 75-85 mm Hg and 
85 mmHg or higher DBP. Weight gain was divided also in three classes: less than 5 kg, 5-10 and 
more than 10 kg. Table 4 shows the risk ratios for different groups. The percentage hypertensives 
was the lowest in women with a DBP < 75 mmHg at basic screening and a weight gain less than 
5 kg. The risk for developing hypertension is more pronounced in women than in men and 
became higher in two directions: within each category of DBP and with increasing weight gain. 
The highest risk was found in women with a DBP > 85 mmHg at basic screening with a weight 
gain of more than 10 kg. 

Discussion 

The course of DBP and the incidence of hypertension were studied in a cohort of subjects not 
undergoing hypertension treatment at the start of the screening. In men, there was an increase in 
DBP of 3 mmHg whereas the mean SBP in the untreated group did not change over 18 years. In 
women, both the DBP and SBP rose about 2 and 4 mmHg, respectively. It is known that the SBP 
in women is lower at younger ages and increases more in adult life, whereas the DBP rises more 
slowly. In the treatment group, there was a fall in mean blood pressure that was more likely a 
treatment effect than a regression to the mean effect, as the hypertension diagnosis was made after 
at least three measurements with a DBP of at least 95 mmHg. It is unlikely that the results of the 
Nijmegen Cohort study are influenced by a difference in treatment effect between the intervention 
and control group, because no difference between both groups could be found earlier in a 5-year 
follow-up of overall cardiovascular risk factors in this cohort 2 2 ·2 3 . 

All practices participated in the Nijmegen Monitoring Project, so the hypertension 
diagnosis in the general practices was made on the same criteria. In other studies, the definition 
of hypertension was made in different ways with high blood pressure (DBP Ï 95 or SBP > 160 
mmHg and not under hypertension treatment) included. There were 192 patients in this study not 
under treatment but with a DBP > 95 mmHg so of all patients with high blood pressure, 282 men 
and 242 women, 63% was under treatment, whereas 37% indicated a DBP of at least 95 mmHg. 
The percentage of treated hypertensives is in correspondence with findings of van Leer et al, 
which indicated that about 62 % of the hypertensive persons received treatment24. On the basis 
of comparable criteria. Van Leer et al. found a prevalence of hypertension of 12.5% in the 40- to 
49-year and 18% in the 50- to 59-year age category. Their figures also had a SBP of at least 160 
mmHg included, but the response rate in that study was only 54%. We found for the same age 
categories a prevalence of 15% and 21%, respectively, weighted for different participation rates 



68 The Nijmegen Cohort Study 

in the high-risk and non high-nsk groups. The mean SBP and DBP at the 1977 screening in this 
study were both higher in men and women than in the study of van Leer24 in the penod 1987-1991 
but comparable to the values of another study in the Netherlands 37-43 aged men and women in 
197725. The regression to the mean effect found in our study is comparative with other studies. 
We found in the baseline DBP category < 80 mm Hg a mean increase of 8.8 mmHg. This is in 
line with findings on regression to the mean of MacMahon et al.26. They described an increase 
of 4.9 mmHg after 2 years and 5.4 mmHg after 4 years in the same DBP category. However, in 
the highest BP category, the influence of the regression to the mean effect is difficult to assess, 
because a great number was under hypertension treatment in 1995. Of those with a DBP in the 
highest category in 1977, 37% was in a lower category in 1995. The present study is based on the 
average BP dunng one single visit, so the risks given for certain baseline categones may not be 
the real risks, but influenced by the so called regression-dilution bias. The regression effect has, 
however, only a limited influence on the prediction for development of hypertension, as a very 
few patients became hypertensive in the group with lowest baseline DBP. 

When a DBP at basic screening was found to be less than 75 mmHg, there was a nsk of 
only 6.6% for both men and women to become hypertensive. It is noticeable that, in this study, 
age did not figure as a significant independent variable. Apparently one's baseline DBP has a 
higher predictive value for developing hypertension than age. Hence, initial BP was actually the 
best predictor of future hypertension. However, the nsk depended on other cardiovascular nsk 
factors. The second important factor that influences the onset of hypertension was the weight gain 
over years. When weight gain was also present, the nsk of developing high blood pressure 
increased in both men and women to res. 9.1 and 51.8 in the group with the highest initial blood 
pressure, together with a weight gain of more than 10 kg. The meaning of weight change in the 
light of development of hypertension seems not very important in companson with the baseline 
DBP. Nonetheless, the attention for weight gain gives a more complete identification of future 
hypertensives. In this study only one woman (0.9%) developed hypertension in the category with 
the lowest DBP compared to 20 women (9.5%) in those with weight gain. The nsk of weight gain 
found in this study is in correspondence with the Framingham study, in which both baseline SBP 
and DBP and relative weight were significant nsk factors for developing hypertension16. The 
Framingham Study shows that 78% of hypertension in men and 65% in women can be attnbuted 
to obesity1214. In contrast, in the present study weight gain seems a more important risk factor for 
women than it is for men, looking at the risk ratios in different categories. Among women within 
a normal BMI range, weight gain has shown to be a strong predictor of cardiovascular disease27. 
Even in those young adults, who are already obese, a weight gain increases the nsk of subsequent 
hypertension to eight times the normal nsk1214. On the other hand it was demonstrated that even 
in the group with the highest DBP in 1977 only 50% came under hypertension treatment over 18 
years. There is no clear nse in the prevalence of hypertension in the Netherlands, despite an 
increase in the prevalence of obesity28. That could mean that other factors influence the rise in 
blood pressure, such as a change in smoking habits and salt intake. 
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Difference in cholesterol in men was only m the hypertension treatment group, a signifi

cant negative parameter in the regression analysis. The significance disappeared when the 

untreated group with a high DBP was added to the analysis, so this could be a treatment effect or 

caused by chance. When the analysis was repeated with the variable, use of cholesterol-lowering 

drugs, the results did not change. 

It seems from our study that weight gain more than weight at the start of the study is a risk 

factor for developing hypertension. However, the mean BMI of those who were already under 

treatment for hypertension in 1977 was higher than it was for the nonhypertensive patients, so 

there could be some selection bias. It is difficult to make a clear distinction between the influence 

of BMI at baseline and weight gain on the risk for developing hypertension. However, it seems 

likely that both factors play an important role as a risk factor for developing hypertension. The 

relation between risk factors implies an increment of the risk for cardiovascular diseases. Both 

the increased cardiac output and the expanded plasma volume in obese patients may produce left 

ventricular hypertrophy, even in the absence of hypertension29. Patients with a higher risk will 

benefit more from reduction of blood pressure and need special attention. Subjects with obesity 

have in general a higher fat intake30. The combination of weight gain and higher fat intake could 

mean that life style factors play an important role in the development of hypertension in 

overweight subjects. This was found more pronounced in men14'15'30. Also in this study, in men 

the development of hypertension was associated with socio-economic class and with difference 

in cholesterol between 1977 and 1995. In addition, an unfavorable fat intake had already been 

determined in subjects at high risk for cardiovascular disease in this cohort18. On the other hand, 

weight loss will result in a decline in BP. In the Hypertension Detection Follow-Up Program a 

decrease of DBP in treatment of hypertension was found related to weight change in a graded 

fashion31. Every 1 mmHg decrease in DBP will diminish the cardiovascular risk for 2-3%12''4. 

Some misclassification of the difference in BP readings between 1997 and 1995 could 

occur in this study by the use of different bladder sizes. A 13 χ 36 cm bladder was uniformly in 

use for everyone in 1995, whereas, in contrast, in 1977 a 13 χ 23 cm bladder was used for lean 

arms and a 16 χ 23 cm for obese arms. In another study, a systematic difference was found in 

DBP for all arm circumferences, when measured with different bladders. So it is unlikely that the 

difference has especially affected obese subjects32. 

In the 20% group, selected on the basis of their high risk in 1977, the incidence of 

hypertension was more than twice as high as in the non high-nsk group, but the incidence in the 

latter group was still 10%. It is known that nsk factors are not the same at different ages in 

individuals . Continuity of care in general practice gives an opportunity to assess (changes in) 

nsk factors over time in combination with other nsk factors. It is recommended to perform BP 

measurements regularly in patients who gain weight and who have a DBP of at least 80 mmHg, 

as these patients have a great nsk for obesity-induced hypertension. Prevention of weight gain is 

important in these patients14, especially at younger ages. On the other hand, especially in women. 
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there is no need to check BP in middle-aged patients with a low DBP and without weight gain. 

In the Nijmegen Cohort in 1977, 23.8% of all men and 31.3% of all women had a DBP less than 

75 mmHg. In these patients a recheck of BP every two years, as recommended by the Joint 

National Committee on Detection, Evaluation and Treatment of High Blood Pressure1 ' seems to 

be unnecessarely time consuming, and a higher pnority should be given to reduce the intake of 

calories. Every check of BP should be accompanied by weight control, whereas more attention 

is needed for prevention of weight gain. 
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Summary 

Background: This study aimed to investigate to what extent cholesterol levels change in 
individuals of different age groups over an 18-year period. Factors that contribute to the changes, 
with respect to prevention of cardiovascular disease (CVD), were taken into account. 

Methods: In 1977 serum cholesterol, systolic and diastolic blood pressures, body mass index and 
smoking habits were measured in a cohort of 7,092 patients -men and women from 20 to 50 years 
of age- from 6 general practices in the Netherlands. In 1995, a sample of 2,600 of these same 
patients was invited to take part in a similar screening program; 2,335 patients, consisting of 
1,171 men and 1,164 women, agreed to participate. Patients were denved from both a high-nsk 
and a low-to-normal nsk category in 1977. The differences in cholesterol between 1977 and 1995 
were calculated and cholesterol levels were tracked over the study penod by determining Pearson 
correlation coefficients. A multiple linear regression analysis was performed to investigate the 
determinants influencing the changes in cholesterol level. 

Results: The mean cholesterol levels rose during the study period in all age groups. The highest 
mean increase in men was 1.23 mmol/L, or 20 %, m the youngest age group (20-24 years), and 
in women the maximum mean increase was 1.12 mmol/L, or 17 %, in the age group 40^14 years. 
Correlation coefficients between the 1977 and 1995 readings varied from 0.63, in the youngest 
age group, to 0.41 in the oldest. Body weight change during the study penod, more than initial 
body weight, was found to have influenced the rise in serum cholesterol. At basic screening, 
19.2% of the men and 12.4% of the women had cholesterol levels of 6.5 mmol/L or higher, as 
against 35.8% and 36.8%, respectively, in 1995. 

Conclusions: Over an 18-year penod cholesterol level increased in most subjects, at a younger 
age in men than in women. The highest increase in women took place dunng the menopausal 
period. Weight gain, more than baseline weight had a positive influence on the increase of choles
terol. 
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Introduction 

A high serum cholesterol level is one of the major cardiovascular risk factors and is thus strongly 
related to ischaemic heart disease (IHD)1'2. Patients with premature IHD more often have a 
familial lipoprotein disorder, while in later adult years lifestyle factors tend to play a more 
significant role3'4. As an example, much of the body weight gain in adults is related to an increase 
in energy intake and a decline in physical activity5. Especially in men, a clear correspondence 
between fat intake and body weight gain is indicated6. So, body mass index and serum cholesterol 
levels rise in many Western countnes as individuals age. However, the factors influencing this 
increase differ between countries and have not been fully elucidated ' . More insight into 
modifiable factors that raise cholesterol levels will help health care professionals make recom
mendations on preventive measures in the general practice. 

Our knowledge about cholesterol levels at different ages has been denved largely from 
cross-sectional studies. No large differences have been found in serum cholesterol level between 
young adult men and women9,10. From that age on, however, levels increase earlier in men, due 
partly to heredity and partly to environmental influences411. From a preventive point of view it 
would be helpful to know more about the differences between individuals in the development of 
their cholesterol levels. This offers the opportunity to predict, whether and when an adult will 
acquire a high serum cholesterol level over the years. On the one hand, such knowledge could 
improve the stratification of risk within the population; on the other hand, it could eliminate the 
need for regular screenings and thus result in significant savings in time and cost. U.S. guidelines 
recommend that cholesterol measurements should be taken at least once every 5 years in all adults 
20 years of age and older12. In the guidelines of the Dutch College of General Practitioners, 
recommendations are made on reasons for cholesterol measurement, but no indications are given 
regarding repeated cholesterol testing over the course of one's life' . Insight into the contribution 
of the determinants of a cholesterol increase will help allow more tailored preventive care to be 
provided to individuals. 

The number of studies on longitudinal changes in cholesterol levels within adult subjects 
is limited. The present study data allow changes in cholesterol levels to be investigated in individ
uals. In 1977, 7,092 patients between 20 and 50 years of age were initially screened, with a 
second screening of a sample from the earlier cohort taking place in 1995. The main purpose of 
this study was to determine changes in serum total cholesterol levels within individuals over an 
18-year penod and to look for factors contributing to changes in cholesterol levels found m this 
cohort. 



76 The Nijmegen Cohort Study 

Methods 

Blood cholesterol, smoking status, body weight and blood pressure were measured in 1995 in 
subjects who had taken part in a family practice-based screening for cardiovascular risk in 197714. 
The participants were recruited from the family practices of the Nijmegen Monitoring Project, 
the research network of the Department of Family and Social Medicine at the University of 
Nijmegen. The objective of this research network is to study the long-term outcome of chronic 
diseases, including cardiovascular disease, in family practice. The clinical condition of patients 
under treatment is systematically monitored and feedback is given to the family physician 
responsible for their treatment. 

The 1977 screening took place in six family practices in the vicinity of Nijmegen, a city 
located in the eastern part of the Netherlands. These practices have been participating in the 
registration network of the University of Nijmegen. Some details about this study have been 
reported elsewhere15. Briefly, the project set out to study the feasibility and effect of intervention 
on cardiovascular nsk factors in general practice. Cardiovascular risk factors were measured in 
7,092 Caucasians, bom between 1927 and 1957. The screening was performed by specially 
trained practice nurses and consisted of a medical and family history on cardiovascular diseases. 
Smoking habits and physical activity were assessed with a standard questionnaire. Height and 
body weight were measured without shoes. Body mass index (BMI) was calculated as 
weight/height5. Blood pressure (BP) was measured with a mercury sphygmomanometer. Systolic 
blood pressure (SBP) and diastolic blood pressure (DBP) were measured twice on the right arm 
with the patient in a sitting position and after a rest period. Nonfasting blood was drawn at the 
practice office. A cardiovascular nsk profile was drawn up for every participant, and those with 
an elevated nsk were referred to their family physician. The criteria for the elevated nsk were 
denved from the Coronary Risk Handbook from the Amcncan Heart Association16. A detailed 
description of the cntena is published elsewhere17. Dunng one year, family physicians received 
support in the follow-up of the identified high-nsk patients. Patients received health education 
every two months by trained practice nurses, whereas the other family physicians prescnbed 
unsupported follow-up care. The intervention compared the outcomes of cardiovascular risks in 
high-risk patients under supervised care with the outcomes under usual care conditions. All 
cardiovascular events since 1977 have been recorded. 

In 1995 the long-term outcome of the 1977 screening and intervention was studied. The 
files of patients who had died were studied for cause of death, and the new family physicians of 
those who had moved away were contacted for venfication of their current health status. Those 
subjects still living in the practice area were considered for the follow-up study. All patients who 
had exhibited an elevated cardiovascular nsk at the 1977 screening were invited to participate, 
as was a random, 30% sample of patients who had indicated a low-to-normal cardiovascular nsk 
at that time. Smoking status, BMI, and BP were measured as in 1977. 

Two thousand six hundred patients were invited for remeasurement of their 
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cardiovascular risk factors. As in 1977, we assessed the cardiovascular risk factors with the help 
of specially-trained assistants. Body weight was measured and smoking status, physical activity, 
and family nsk factors were also determined. Respondents were classified as current smokers, 
ex-smokers and those who had never smoked. 

Statistical analysis 

The difference in serum cholesterol between the baseline measurement in 1977 and the 1995 
follow-up measurement was determined. The difference was used as a continuous dependent 
variable. The independent variables in the analysis were age, gender, blood pressure in 1977, 
cholesterol in 1977, BMI in 1977, physical activity in 1997 and body weight change in kilograms 
over time. Smoking status was controlled as a dummy variable, with never smoked as reference 
against current smokers and ex-smokers. Socio-economic status (SES) was based on the 
profession in 1977 of the participants and taken as dichotomous variable with upper and middle 
against lower SES. Physical activity was taken as a dichotomous variable with low against 
moderate and high physical activity. As the results of the analysis did not change when the low-
to-normal and high-risk categones were modelled separately, they were left out of the regression 
analysis. 

The tracking of cholesterol was analysed by calculating the linear correlations between 
the measurements in 1977 and 1995. Univariate Pearson correlation coefficients between 
difference in cholesterol and continuous independent variables were calculated. A Spearman 
correlation coefficient was taken for calculating the correlation with a dichotomous independent 
variable. Then a multiple linear regression analysis was performed to investigate the factors that 
could influence the natural course of serum cholesterol. 

Blood analysis 

The serum cholesterol was measured in 1977 with the Liebermann-Burchard reagent, with Huang 
modification, at the laboratory of the Department of Human Nutrition and Epidemiology at the 
Wageningen Agriculture University. The laboratory of the Wageningen Agriculture University 
took part in the "Cooperative Cholesterol Standardisation Program" of the WHO with the Centre 
for Research in Blood Lipids in Atlanta as reference. The 1977 method was shown to be directly 
comparable with the measurements according the Abel I method, that has been proven to be 
precise by the use of serum calibrators by which the bias, inherent in the direct method, was 
eliminated18. 

In 1995, nonfasting serum cholesterol was measured by an enzymatic method, the Techni-
con method, at the laboratory of the Camsius Wilhelmina Hospital in Nijmegen. During the entire 
period of the 1995 follow-up study the internal quality control data of the laboratory were 
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analysed to detect laboratory drifts that could influence the results The Canisius Wilhelmina 
Hospital, as a member of the Dutch Foundation of Clinical Chemical Laboratones, meets WHO 
quality control standards Due to the careful standardization following WHO quality 
control standards, it can be assumed that cholesterol values from 1977 and 1995 are comparable 

Results 

Of the 2,600 patients invited for the second screening, 2,335 participated, whereas 264 (10%) 
patients did not The reasons cited for this were senous illness (38), refusal (183), and moving 
away (55) The 1977 baseline screening results of our 2,335 participants were compared against 
the 1977 levels for the subjects not selected for rescreening The mean cholesterol level was quite 
similar in all age groups, with the exception of the oldest age category of high-nsk women which 
showed a significantly lower cholesterol level in the re-screened subjects (table 1) No difference 
was found in the score of the initial cholesterol level between respondents and those who did not 
participate in the 1995 rescreening Of the participants, 10% were of the upper, 36% middle and 
54% SES There were missing cholesterol readings in 10 subjects, so the results of 2,325 
participants were included in the analysis 

Table 1 Mean cholesterol values in 1977 for different age groups for non participants and 
participants in 1995 Parenthetical values are SD 

men 
20-29 yrs 
30-39 yrs 
40-50 yrs 

women 
20-29 yrs 
30-39 yrs 
40-50 yrs 

low-to-normal risk 

non-participants 

4 64 (0 78) 
5 09 (0 80) 
5 39 (0 79) 

4 60 (0 73) 
4 76 (0 74) 

5 08 (0 80) 

participants 

4 68 (0 78) 
5 03 (0 85) 
5 32 (0 77) 

4 65(0 71) 

4 79 (0 68) 
5 10(0 73) 

high risk 

non-participants 

5 66(1 54) 
6 31(106) 
6 66(1 14) 

6 15(0 97) 
6 27(1 15) 

6 54(127) 

participants 

5 83(1 13) 
630(1 11) 
6 49(1 13) 

6 08(120) 
6 01(102) 
6 17(1 12)* 

*p=0012 

BMI increased more in women than in men The percentage smoking decreased between 1977 
and 1995 (table 2) 
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Table 2 Some characteristics of the cohort both in 1977 and 1995 for the low-to-normal risk 
and high-risk groups. Parenthetical values are standard deviation. 

age 

BMI (kg/m2) 

> 30 

serum 
cholesterol 

(mmol/L) 

treated 
hypertension 

smokers 

SBP (mm Hg) 

DBF (mm Hg) 

low-to-normal risk 

men (n 

1977 

34.6 
(7 8) 

24 2 
(2 8) 

4.1% 

5 0 
(0 8) 

0% 

56% 

131 

(11) 

79 

(8) 

=757) 

1995 

53 3 

(7.8) 

26.3 

(3.2) 
114% 

6.0 
(1.0) 

5% 

30% 

133 

(16) 

84 

(9) 

group 

women (n 

1977 

34 8 
(7 8) 

23.5 
(3 2) 
3.5% 

4.8 
(0 7) 

0 1% 

46% 

126 

(12) 

78 

(9) 

=761) 

1995 

53.4 
(7 8) 

26 2 
(4.2) 
17.0% 

60 

(1.0) 

8% 

28% 

132 

(19) 

82 

(9) 

high risk group 

men (n 

1977 

37.6 
(7 4) 

25 7 
(2.8) 
7 6% 

6 3 

(1.1) 

6.5% 

76% 

147 
(16) 

90 

(12) 

=446) 

1995 

55 6 
(7.4) 

26.9 
(3 2) 
15 5% 

64 

(1 1) 

22.2% 

45% 

143 
(19) 

86 
(10) 

women (n 

1977 

37.6 
(7 9) 

25.4 

(3 8) 
14.7% 

6.1 

(1 1) 

14 4% 

43% 

146 
(19) 

90 

(12) 

=361) 

1995 

55.5 
(7 9) 

27.5 
(4 8) 
26.6% 

6.7 
(1.1) 

31.0% 

24% 

142 

(20) 

85 
(10) 

Changes in cholesterol levels were determined as the difference in cholesterol readings 
for 5-year age groups for men and women, with the results shown in table 3. In 1977, in only the 
youngest age group was a lower mean cholesterol level found in men (4.7 vs 4.9 mmol/L), while 
after that age women showed a lower mean cholesterol level in all age categories. The highest 
mean increase in men, of 1.23 mmol/L or 20 %, was in the youngest age group and in women 
there was a maximum mean increase of 1.12 mmol/L, or 17 %, among 40- to 44-year-olds. As 
can be seen from the standard deviation in Table 3, cholesterol level increased in almost every 
men in the youngest age category. In women, the cholesterol level tended to rise more in the older 
age groups. At the basic screening only a small percentage of the participants had a cholesterol 
level of 6.5 mmol/L or higher in the youngest age categories (3% in men and 6% in women). The 
total number of participants with a cholesterol level above this value doubled over the 18-year 
penod with men reaching this value at a younger age than women (table 4). 
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Table 3 Serum total cholesterol in 1977 and increase in cholesterol between 1977 and 1995 

for men and women Parenthetical values are standard deviation 

1977 
age 
group 

20-24 

25-29 

30-34 

35-39 

40-44 

45-50 

all 

men 

η 

92 

228 

237 

190 

264 

192 

1203 

Chol '77 
(mmol/L) 

4 7 
(0 8) 

5 1 
(10) 

5 4 
(1 1) 

5 6 
(1 1) 

5 8 
(1 1) 

5 9 
(11) 

5 5 

(1 1) 

difference 
(mmol/L) 

1 24 
(0 89) 

102 
(0 93) 

0 88 
(1 14) 

0 62 
103) 

0 36 
(1 16) 

0 06 
(104) 

0 65 
(1 12) 

% 
difference 

20 0 
(12 8) 

15 7 
(14 7) 

12 6 
(20 0) 

9 1 
(16 1) 

4 5 
(18 9) 

-0 2 
(19 3) 

9 4 
(18 7) 

women 

η 

95 

216 

215 

175 

227 

194 

1122 

Chol '77 
(mmol/L) 

4 9 
(10) 

5 0 
(10) 

5 1 
(0 9) 

5 3 
(1 1) 

5 4 
(10) 

57 
(1 1) 

5 2 
(10) 

difference 
(mmol/L) 

0 59 
(0 76) 

0 72 
(0 90) 

107 
(0 85) 

109 
(107) 

1 12 
1 06) 

0 85 
(101) 

0 94 
(0 98) 

% 
difference 

9 8 
(14 5) 

120 
(14 9) 

16 8 
(12 3) 

162 
(15 4) 

162 
(15 0) 

12 1 
(15 5) 

14 2 
(14 8) 

Table 4 Percentages of men and women with cholesterol levels > 6 5 mmol/L both in 1977 

and 1995 for different age groups in 1977 

age group 

20-24 

25-29 

30-34 

35-39 

40-44 

45-50 

all 

% with cholesterol levels 16.5 mmol/L 

men 

1977 

3 

8 

18 

23 

24 

30 

19 

1995 

26 

36 

44 

36 

37 

28 

36 

women 

1977 

6 

6 

8 

12 

15 

24 

12 

1995 

16 

21 

30 

43 

47 

53 

36 
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Tracking 

The 1977 and 1995 cholesterol readings were strongly correlated with each other in the age group 

20-30 of both men and women, with a correlation coefficient of 0.63 (p<0.001), while the 

correlation diminished in older age groups with coefficients of 0.41 (p<0.001) among the men 

and 0.53 (p<0.001) among women in the age group 40-50. Factors that could affect the changes 

in cholesterol levels were studied. Univariate product-moment correlation coefficients between 

the difference in serum cholesterol with age, intial BMI, body weight change, initial BP and 

hypertension treatment are listed in table 5. A significant negative correlation was found between 

difference in cholesterol and BMI and initial cholesterol, while a strong positive correlation was 

found between a difference in cholesterol and body weight change. 

Table 5 Pearson correlation coefficients of difference in cholesterol and independent 

variables in men and women for age, initial BMI, body weight change, and SES 

variable 

age at entry 

initial cholesterol (mmol/L) 

initial BMI (kg/m2) 

body weight change (kg) 

initial SBP (mm Hg) 

initial DBP (mm Hg) 

SES 

correlation 

men 

-0.34* 

-0.53* 

-0.26* 

0.33* 

-0.11* 

-0.21* 

-0 03 

with difference in cholesterol 

women 

0.10* 

-0.40* 

-0.10* 

0 13* 

-0 02 

-0.01 

0.09 

* ρ < 0.05 

Regression analysis showed that, according the univariate correlation, a gain in body 

weight had a more significant influence on the increase in cholesterol than did one's weight at the 

start of the screening. Age and gender no longer showed any significant influence on the 

difference in cholesterol, when the other variables were included in the regression analysis. 

Analysis for men and women separately showed in men a negative correlation between current 

hypertension treatment in 1995 and the increase in cholesterol levels. The regression coefficient 

of body weight gain in the separate analysis amounted to 0.03 for men and 0.02 for women. As 

expected, a negative correlation was also found for the use of lipid-lowenng drugs. Only one of 

the participants used lipid-lowenng drugs in 1977, while in 1995, 59 of the men and 43 of the 

women were taking lipid-lowenng medication. There was no correlation between hypertension 
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treatment and the use of lipid-lowering drugs. The results of the analysis did not change when 
subjects, taking lipid-lowering drugs, were excluded. The results of the regression analysis are 
presented in table 6. 

Table 6 Stepwise linear regression analysis on difference in cholesterol on selected variables 
for all participants (n=2,325). Initial cholesterol: cholesterol in mmol/L in 1977. 
Lipid lowering drugs used in 1995. Weight change: difference in body weight 
between 1977 and 1995. History of CVD: cardiovascular disease in the past. 
Physical activity: low physical activity versus moderate/high activity. Initial BMI: 
BMI in 1977. Current hypertension treatment: current antihypertensive medication 
in 1995. 

independent variable 

initial cholesterol (mmol/1) 

lipid lowering drugs (yes/no) 

body weight change (in kg) 

history of CVD (yes/no) 

physical activity in 1977 

BMI in 1977 (kg/m2) 

current hypert. treatment (y/n) 

total r2 

regression coefficient 

-0.381** 

-0.859* 

0.024** 

-0.249* 

-0.102* 

-0 014* 

0.150** 

standard error 

0.019 

0.010 

0.003 

0.069 

0.040 

0.006 

0.054 

partial r2 

0.205 

0.029 

0.023 

0.005 

0.002 

0.001 

0 002 

0.308 

** p<0 005 * p<0.05 

Smoking behaviour had no effect on the change in cholesterol levels, nor did SES. No 
relationship was found between cholesterol levels and smoking at the initial screening, when 
adjustments were made for age, gender, and SES. 

Discussion 

Changes in serum total cholesterol were studied in a cohort of men and women aged 20-50 years 
at the start of the study in 1977. It was demonstrated that cholesterol increases with age. The 
highest increase in men was found in the youngest age group (4.7 to 5.9 mmol/L), while, in 
contrast, women experienced their highest increase during the menopausal penod (5.4 to 6.5 
mmol/L). In 1995 the ages ranged from 38 to 68 years; thus the study indicates changes in 
cholesterol levels over a wide range of adult ages. The original sample is representative of the 
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adult population in The Netherlands, which makes it possible to extrapolate our figures to the 
Dutch population. Cholesterol values in the Nijmegen cohort in 1977 were not different from 
those found in another population in The Netherlands19. In other Western countnes, except the 
United States, mostly higher mean cholesterol levels were measured20'21'22. In many countries 
cholesterol levels have been decreasing in the ninetees, yet it is unclear in which age groups the 
favorable development has taken place. 

The differences in changes in serum cholesterol levels among the groups could be 
influenced by a period effect. It is difficult to make an estimate about this effect, as there were 
only two measurement moments. Cross-sectional studies in The Netherlands indicate a slight 
decrease in the cholesterol level during the study period23. 

A 1-year health education program was provided for the high-risk patients in 1977, but 
the changes in the cholesterol levels of those attending the program did not differ from those of 
subjects who did not attend. Since no difference between the groups could be found earlier in a 
5-year follow-up of overall cardiovascular risk factors in this cohort and no further interventions 
were earned out with respect to one of both groups, it is unlikely that the results of the Nijmegen 
Cohort study are influenced by a difference in treatment effect between the intervention and 
control group.24'25. 

The increase in cholesterol in the youngest age category was almost equal to that found 
in the study of Berns et al.26, who found an increase of 1.20 mmol/L in young men over a 10-year 
period. Considering the difference in follow-up, this could indicate that the rise in cholesterol 
mainly takes place in the early adult years. In women, there was a 16% nse in cholesterol in the 
older age groups, findings comparable to another study in The Netherlands of Beresteyn et al. , 
who found, on average, an increase in cholesterol of at least 19% in women from 2 years before 
to 6 years after menopause. Similar results were revealed by the Framingham study, in which the 
8-year change in serum total cholesterol and high-density-hpoprotein (HDL) cholesterol was 
studied for different age groups28. In that study, weight gain was negatively associated with a 
decline in HDL cholesterol at all ages, thus highlighting the adverse effects of body weight gain. 

There was a fairly good tracking of cholesterol levels in the present analysis, especially 
in the younger age groups, which could mean that food habits did not change between subjects 
over time. The correlation coefficient of 0.63 in the youngest age category is comparable with the 
0.69 obtained in the 8-year follow-up study of Bems et al. in young adults29. The same tracking 
figures were found in the Finnish cohorts of the Seven Countries Study in rural men aged 40-59 
at baseline (correlation 0.53 after 15 years and 0.42 after 25 years), in which study baseline 
cholesterol levels predicted coronary events, occurring both early and late during follow-up30. 

A considerable part of the vanance in the regression analysis remains unexplained. It 
was striking that age and gender did not figure as significant independent variables, when the 
other variables were taken in the regression model. The nse in cholesterol level is probably 
caused by other, intrinsic or genetic, factors. Of the modifiable variables in the model, weight 
gain seems to be the most important. It is known that the prevalence of obesity is growing in The 
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Netherlands, as in other Western countries31,32. In this study each kilogram weight gain was found 
to coincide with an increase in cholesterol level of 0.03 mmol/L in men and 0.02 mmol/L in 
women. Taking into account the results of the Seven Countnes Study, which found that an 
increase in total cholesterol of 0.50 mmol/L corresponds to a 12% increase in long-term coronary 
heart disease mortality33, the impact of weight gain in early life seems to be an important factor 
in the long-term risk for coronary artery disease. 

The relation between BMI and cardiovascular disease is, in part, mediated by 
cardiovascular risk factors, so obesity is a cholesterol-related risk factor. Seidell et al. found a 
correlation of 0.24 between BMI and total cholesterol in 38-year-old Dutch women34. We found 
a correlation of 0.17 for women and 0.28 for men in age group 30 to 39. In contrast, a stronger 
correlation in the regression analysis was found between weight change and difference in 
cholesterol. Bems et al. found body weight change in young adults to be an important determinant 
of changes in serum total cholesterol29. This could mean that the cholesterol increase in subjects 
gaining weight is due to different eating habits or other life style factors. Greater variability in 
cholesterol induces a higher cardiovascular mortality rate in men and women . The question 
remaining is whether changes in cholesterol levels during the course of one's life can help to 
provide a better explanation for the different nsk levels in individuals. 

Though cholesterol levels were somewhat lower in nonsmokers, no significant 
association was found between smoking behavior and cholesterol level when adjusted for 
variations in age, sex, and SES. In an analysis of 54 published studies smokers had 3.0% higher 
serum cholesterol concentrations, while a firm association lacked in single studies36. During the 
18-year period, the percentage of smokers halved, as in the whole of The Netherlands37. 

We found a significant decline in serum cholesterol in the hypertensive group in the oldest 
age group of men. The decline was independent of the use of lipid-lowering drugs. A relationship 
between cholesterol and hypertension treatment for men and, to a lesser degree, for women was 
also found in another study, possibly due to hypertension treatment38. We did not find a clear 
change in food habits in the treatment group15, so the decrease in cholesterol in our study seems 
to suggest that hypertension treatment influences serum total cholesterol, though there could be 
some underestimation of the true difference in cholesterol between two measurements, due to 
selective loss of high-nsk subjects with a strong increase in cholesterol. Mean cholesterol levels 
in 1977 were higher for those who died. Another reason is an effect due to a difference in 
treatment between men and women, as sex differences in antihypertensive drug use were 
described by Klungel et al.39. Treatment of persons with high cholesterol levels with drugs was 
found to lower blood pressure40. There could be some selective or differential mortality of high-
risk women, due to a significant difference in nsk factors in 1977, between the participants and 
nonparticipants in the oldest age group in 1995. 

The fairly stable rank order, together with the increase of cholesterol in young, adult 
males means that more attention must be paid to prevention in that age group. Additional research 
should reveal new information as to which patients, at the highest nsk at a young age, should 
receive individual nutritional counselling, as diet is the first line of therapy for prevention in 
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persons at high-nsk for IHD The substantial rise in cholesterol level in menopausal women 

indicates the need for special attention for that group Current guidelines, based on the 

cardiovascular disease nsk profile, are restricted to assess the nsk at one single moment and do 

not consider nsk factors as a continuous process This study helps to clanfy the problem of 

identifying individuals at high nsk for developing nsk factors and at the same time it gives an 

indication that population-based interventions may work out favourably for special groups, 

namely young men and menopausal women Prevention of body weight gain is important for 

these groups There is no need for regular cholesterol momtonng for those who do not have high 

cholesterol levels or expenence weight gain In addition, in The Netherlands the prevalence of 

obesity, in combination with high cholesterol levels, is very high Thus there is also a need for 

population-based education about healthy eating and physical activity 
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Summary 

Objective: To determine the influence of systolic blood pressure (SBP) and diastolic blood 
pressure (DBP) on the development of coronary heart disease (CHD) over an 18-year period in 
a Dutch general practice population. 

Methods: The Nijmegen Cohort Study is a prospective cohort study with an 18 year follow-up. 
In 1977, SBP, DBP, and other cardiovascular risk factors were measured in 7,092 Caucasians, 
men and women. The screening took place in six general practices, participating in an university 
registration network. Cardiovascular disease (CVD) and all mortality were registrated during the 
1977-1995 period. A Cox proportional hazard model was performed separately for men and 
women with the first onset of a CHD as the outcome variable. Age, smoking, serum cholesterol, 
BP and socio-economic class were included as independent variables. 

Results: During the 18-year follow-up period, 205 men and 63 women suffered a non-fatal 
myocardial infarction. During this time, 205 deaths were identified, of which 54 were 
cardiovascular. Of all deaths, 139 were non-cardiovascular, of which 10% were due to accident 
or suicide, while in 12 participants the cause of death was uncertain. The analysis indicated that 
both the SBP and the DBP were independently associated with the likelihood for developing 
CHD, as were the other nsk factors. For coronary heart disease, the significant nsk ratios (RR) 
for the SBP were 1.6 for men and 2.1 for women. For the DBP a RR was found of 1 4 for men 
and 2.0 for women. 

Conclusion: A significant relation between BP and CHD was demonstrated. As mean BP's, 
cholesterol levels, smoking habits and socio-economic class in this cohort did not differ from 
other figures in the Netherlands, extrapolation of the results to the Dutch population is possible. 
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Introduction 

In the 1950s, data of the Metropolitan Life Insurance Company indicated that, without 
antihypertensive medication, men and women aged 45 with mild hypertension had a shortened 
life expectancy'. In subsequent years, the findings from the Framingham study clearly confirmed 
the relationship between high blood pressure and cardiovascular diseases (CVD). Although, in 
the early intervention studies reduction in risk was associated with diastolic blood pressure 
(DBP)2, later studies demonstrated that systolic blood pressure (SBP) is a better predictor of 
CVD-nsk3. 

Blood pressure (BP) and other cardiovascular risk factors from the Framingham study 
were used to construct nsk tables4,5'6. These tables were created to be able to predict CVD in 
comparable populations in the same way and were subsequently used in other observational 
studies7. However, differences in risk factor levels, incidence and mortality from CVD8,9 may 
hamper a companson of the cardiovascular risk between western countnes. In addition, the 
practice of diagnosing and treating cardiovascular nsk within10 and between" countries is not 
uniform and especially in the Netherlands hypertension treatment is more conservative12 in 
companson with US-guidelines in which regular BP measurement is advised in all adults. 

In the Netherlands, long term studies about the influence of systolic and diastolic blood 
pressure on CVD in unselected populations are rare. Starting in 1960, the Zutphen study- the 
Dutch contnbution to the Seven Countries Study- investigated chronic disease nsk factors among 
872 men aged 40-598. The DOM-project, which investigated the influence of SBP on the nsk of 
CVD, was earned out in 50-74 year-old female participants in a program for the early detection 
of breast cancer13. 

Up to the present time there has been a certain amount of controversy regarding the 
influence of treated hypertension on the risk of cvD14'15·16·17. Until now, guidelines are mainly 
based on foreign studies. This has led to our interest in companng risk predictions in a general 
population with data from other observational studies. 

In 1977, six general practices in the environment of Nijmegen, a city in the eastern part 
of the Netherlands, participated in a one-year intervention project on cardiovascular risk factors18. 
The situation in the Netherlands- where all inhabitants are listed with a general practitioner-
provides an opportunity to investigate patients records over the longer term. The 1977 cohort was 
followed with a view to answenng the following question: What is the influence of SBP and 
DBP, measured at baseline screening, on the development of coronary heart disease (CHD) over 
an 18-year period? 

Subjects and Methods 

The Nijmegen Cohort Study is a prospective cohort study with an 18-year follow-up The study 
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developed from an intervention project, which was carried out in six general practices in the 

period from February 1977 to September 1978. Further details on this project have been reported 

elsewhere19,20. Briefly, the project was set out to study the feasibility and effect of intervention 

on cardiovascular risk factors in general practices. All patients, bom between 1927 and 1957, 

were invited to participate in a health screening, when they visited their doctor. A 33% sample 

of those who did not come to the practice in that period were notified by letter. All together, in 

7,092 Caucasians, cardiovascular nsk factors were measured and a questionnaire on smoking 

habits, family risk factors, and physical activity was administered. 

Smoking habits were classified into four categories: never-smoker, ex-smoker (quit 

smoking at least one year before the screening), light smoker and heavy smoker (more than 10 

cigarettes a day). A positive family history for heart disease, obtained by the questionnaire, was 

defined as a history of premature CVD -myocardial infarction or angina pectoris- m one or both 

parents, brothers or sisters, before the age of 65 years. Physical activity was administered by using 

a questionnaire and divided into three categories: light, moderate and heavy physical activity, 

including both leisure time and work-related activity. Socio-economic class was based on the 

occupation of the participants and divided into three categories, upper, middle and lower socio

economic class. 

Blood pressure (BP), height and body weight were assessed and a blood sample was taken 

for serum cholesterol. BP was taken as the average of two readings, measured twice m the right 

arm of seated subjects after a five-minute rest. The fifth phase of the Korotkoff sounds was 

recorded as the DBP. A 13 χ 23 cm bladder was used, and a 16 χ 23 cm bladder was used for 

obese subjects with an upper-arm circumference greater than 30 cm. Body mass index (BMI) was 

calculated as weight/height2. Non-fasting serum cholesterol concentration was measured with the 

Liebermann-Burchard reagent with Huang modification at the Wageningen Agriculture 

University Laboratory. The laboratory participated in the "Cooperative Cholesterol Standardisati

on Program" of the WHO, with the Centre for Research in Blood Lipids in Atlanta as reference '. 

A cardiovascular risk profile was drawn up for each patient. Details about the risk profile have 

been published earlier19,20. 

Outcome variables 

Data on cardiovascular and cerebrovascular morbidity and all mortality were taken from the 

general practice records. Cardiovascular disease morbidity and mortality were classified 

according the International Classification of Health Problems in Primary Care (code 410-414)22. 

Atrial fibrillation was also taken as a diagnosis (code 427.3). Cerebrovascular diagnoses were 

divided into transient ischaemic attack or non-haemorrhagic stroke and haemorrhagic stroke (code 

435,438). The haemorrhagic stroke, with only 3 cases in this cohort, was not considered as an 

arteriosclerotic disease and was not taken as an endpoint. All deaths and cardiovascular and 

cerebrovascular diseases were recorded at the practice office and were checked in general practice 
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records or specialist lists whether they met the ICHPPC critena. For this study the first onset of 
a myocardial infarction or angina pectoris was taken as outcome variable for CHD morbidity. 

Blood pressure 

Normal BP was defined as a systolic blood pressure (SBP) of < 140 mm Hg and a diastolic blood 

pressure (DBP) of < 90 mm Hg. Borderline high BP was defined as a SBP from 140 until 160 mm 

Hg and/or a DBP from 90 until 95 mm Hg. High BP category was defined as a SBP of > 160 mm 

Hg or a DBP > 95 mm Hg or under anti-hypertensive treatment. 

Analysis 

A Cox logistic regression model was used with the first onset of a CHD as the outcome variable. 
The best model for each end point was chosen by using a backward selection procedure using the 
likelihood ratio test. To account for vanations in duration of follow-up and length of time before 
the onset of a CHD, risk ratios were estimated with the Cox proportional hazards model for men 
and women separately. Subjects who moved were taken into the analysis until their date of 
departure (censored data). 

Age, smoking, serum cholesterol, BP, BMI, physical activity at leisure time, socio
economic class and a positive family history were included as the independent variables. Blood 
pressure was taken both as a continuous variable and a tnchotomous variable. Age, BMI, and 
cholesterol were taken as continuous variables, smoking habits were classified into four 
categories with never smoked as reference. Socio-economic status was categonsed into two 
groups: low and middle/high. Physical activity was divided in two categones: light versus moder
ate/heavy activity. 

Risk ratios of CHD for different BP categones were assessed only for those participants 
who were onginally in the 30 to 50-year age category, as very few cardiovascular endpoints were 
found at the subgroup who was 20 to 30 years old at baseline. 

Results 

Of the 7,092 participants studied in the baseline screening in 1977, 47 subjects had a history of 
a CVD at the beginning of the study and were excluded from analysis. In 1995, data of 5,898 
participants were known including 205 (3%) patients, who had died. One thousand twenty-three 
participants had moved, lacking information on both the date of departure and CVD history. They 
were excluded. The remaining 124 participants, mainly young students who left the practice area 
shortly after the baseline measurement, were left out of the analysis. Thus, details on 5,898 sub
jects (84%) were known. 
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The number of all study subjects are summarised in table 1, including both the 5,898 
known and 1,023 moved persons The distribution of the socio-economic classes was comparable 
with Dutch National Registration figures Age adjusted nsk factor values of subjects lost to 
follow-up did not differ from the other participants 

Table 1 Baseline characteristics of all participants in 1977, including those who had moved 

Values between parenthesis means standard deviation 

age (years) 

SBP (mm Hg) 

DBP (mm Hg) 

mean cholesterol (mmol/L) 
BMI (kg/m2) 

socio-economic class (%) 

current smoker (%) 

20-29 
30-39 
40-50 
<140 
140-160 
>160 
<90 
90-95 
>95 

Upper 

Middle 
low 

men 

939 
1377 

1006 
2232 
909 
181 
2579 
436 
307 
54 

24 5 

62 8 

(101) 
(2 9) 

13 8 
38 2 
47 9 

women 

1135 
1392 

1072 
2973 
501 
125 
2954 
381 
264 

5 2 (0 92) 
24 1 (3 5) 

44 6 

Cerebrovascular and coronary heart disease 

The number of all cardiovascular events for men and women is listed in table 2 Of the 5,898 
respondents, included in this study, 205 men and 63 women suffered a MI or angina pectoris, and 
39 men and 30 women suffered a CVA Over the 18-year follow-up penod, 205 deaths were 
identified, of which 54 were due to CVD's, 45 to MI and 9 to CVA Of all deaths, 139 resulted 
from non-CVD's, of which 10% were due to accident or suicide, while the cause of death was 
uncertain in 12 persons Multivariate analysis indicated that each of the nsk factors of BP, BMI, 
smoking, positive family history, and cholesterol were independently associated with the likeli
hood for developing CHD Results of a Cox Proportional Hazard model did not differ from the 
multiple logistic regression model Socio-economic class did not contnbute in the analysis as an 
independent nsk factor The ß-coefficients for cholesterol and smoking behaviour did not change 
when the DBP vanable was introduced in the model instead of the SBP 
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Table 2 Morbidity and mortality in the Nijmegen Cohort Study Ml myocardial infarction, 

AP angina pectoris, CVA cerbrovascular accident, TIA transient ischaemic attack, 

CVD cardiovascular disease 

age 

# of participants 

morbidity 

MI or AP 

CVA or TIA 

mortality 

MI 

CVA 

not CVD 

uncertain 

men 

20-29 

(770) 

6 

1 

2 

1 

7 

2 

30-39 

(1160) 

65 

13 

13 

2 

23 

1 

40-50 

(895) 

134 

25 

22 

3 

54 

4 

All 

(2825) 

205 

39 

37 

6 

84 

7 

women 

20-29 

(921) 

5 

3 

1 

0 

4 

1 

30-39 

(1180) 

11 

10 

2 

2 

22 

1 

40 50 

(972) 

47 

17 

5 

1 

29 

3 

All 

(3073) 

63 

30 

8 

3 

55 

5 

Cholesterol and a positive family history were strong nsk factors in the prediction of 

CHD, both in men and women (table 3) Heavy smoking was significantly associated with CHD 

nsk only in men For the age category 30-39 for men, the SBP coefficient (-0 002) was not signifi

cant in contrast to a significant coefficient (0 019) for the age category 40-50 The DBP 

coefficient was significant in both the age group 30-39 and 40-50 (0 031 and 0 021 respectively) 

In women there were only 11 CVD endpoints in the age group 30-39 

Table 3 ß-coefficients and standard errors in the Nijmegen Cohort Study by end point 

coronary heart disease, 18 years of follow-up in men and women, 30-50 yrs at 

baseline 

men women 

age (years) 

cholesterol (mmol/l) 

smoking (>10 cigarettes/daily) 

BMI (kg/m2) 

SBP (mm Hg) 

positive family history 

coefficient 

0 089** 

0 439** 

0 827** 

0 053* 

0 014** 

0 619** 

SE 

0013 

0 061 

0 278 

0 025 

0 004 

0 159 

coefficient 

0 102** 

0 305** 

0 173 

0 043 

0 0 1 5 * 

0 636** 

** p<0 01 

SE 

0 027 

0 108 

0 306 

0 037 

0 006 

0 291 

* p<0 05 
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Risk ratios for CHD of different BP values for the 30- to 50-year-olds were calculated. 
The results are shown in table 4, both unadjusted and adjusted for other nsk factors. The relative 
risk of 1.02 for the BP as a continuous variable means that the nsk of CHD increases with 2% for 
each mm Hg increase in BP. Risk ratios increased with both DBP and SBP. Women have higher 
risk ratios. Although, both the SBP and DBP relative nsks were significant, they are not 
independent from each other, as was shown by the strong correlation coefficient of 0.75 between 
the two. 

Table 4 Risk for developing coronary heart disease among men and women in the Nijmegen 
Cohort Study. Risk means the number of events per 100 participants. RR means 
relative risk and 95% confidence interval, determined by Cox proportional hazard 
model including the selected risk factors, cholesterol, BMI, smoking, and age. 

risk factor 

SBP 
< 140 mm Hg 

£ 140 mm Hg 

à 160 mm Hg 
continuous 

DBP 
< 90 mmHg 
£ 90 mm Hg 

> 95 mmHg 
continuous 

men 

risk 

4.7 
7.7 
12.2 

4.7 
8.5 
12.7 

RR 
(multivariate) 

1.0 (reference) 
1.5 (1.1-1.9) 
1.6 (0.9-2.5) 
1.02(1.01-1.03) 

1.0 
1.3(0.8-1.9) 
1.4(0.9-2.2) 
1.02(1.01-1.03) 

women 

risk 

1.2 
3.0 
7.2 

1.1 

3.9 
4.9 

RR 
(multivariate) 

1.0 
1.9(0.8-2.7) 
2.1(1.1-5.4) 

1.02(1.01-1.03) 

1.0 
1.8(1.2-4.2) 
2.0(1.2-4.6) 
1.03(1.02-1.07) 

Discussion 

The Nijmegen Cohort Study investigated the relationship between BP and morbidity and 
mortality from CHD. This is, as far as we know, the first study in the Netherlands with a long-
term follow-up in an unselected population. Mean BP's, cholesterol levels, smoking habits and 
socio-economic class in this cohort did not differ from other known studies in the Nether
lands23,24. CVD-mortality in this study was 26% of total mortality in the cohort. This percentage 
is comparable with mortality figures in the Netherlands for this relative young age category25. 
Taking the situation in the Netherlands into account -with continuous care by a general practi-
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tioner for more than 90% of the inhabitants-, it seems possible to extrapolate our figures to the 
Dutch population 

The incidence of CHD in this cohort was 8 6% in men and 3 0% m women These figures 
are comparable to 12-year findings of the Framingham offspring study, the offspring of the 
original Framingham cohort who were 30-59 years old at entry, with 9 3% in men and 3 2% in 
women26 Only clinical diagnoses were taken as an outcome variable in this study, while in the 
Framingham study CHD-diagnoses were based on diagnoses including unrecognised myocardial 
infarction, ECG abnormalities -indicating coronary insufficiency-

The relationship between BP and CHD was studied in a Dutch general population under 
usual preventive care All participating practices used the same criteria for hypertension diagnosis 
during the study period a DBP of 95 mm Hg or higher, recorded at least three times on different 
occasions This is in accordance with the guidelines of the Dutch College of General Practi
tioners28 In a sample from this cohort it was determined that after 18 years, 13% of the men and 
16% of the women have been treated for hypertension In the Netherlands, about 40% of all sub
jects with high BP (defined as 140/90 mm Hg or higher) is treated with medication against 49% 
in the US29 30 In the Framingham cohort study, the prevalence of BP treatment in those with a 
SBP > 160 mm Hg was 24% and increased to 72% after an 8-year follow-up in the Framingham 
offspring study, while we found 63% under treatment of those with a DBP > 95 mmHg20 In the 
Framingham offspring study, hypertension was no longer associated with CHD in men, possibly 
due to a strong increase in hypertension treatment2 In women a risk of 2 6 was found, in line 
with the risk of 2 1 found in the present study 

SBP and DBP were taken as two separate risk variables in this study Taking the risk 
together gave only a small increase of the CHD risk, caused by the strong correlation between 
SBP en DBP Up to the fifth decade in men and the sixth decade in women the DBP rises and 
after that age only the SBP increases As with the Framingham study and the MRFIT study it was 
found that for men, the relative risk is somewhat greater for the DBP only in the youngest age 
groups31 It is known from the Framingham cohort study that in older subjects with systolic hyper
tension, DBP is not helpful in assessing the risk32 The greater risk ratios for women have been 
observed in other observational studies33 34 

Smoking behaviour was in men significantly related with the risk of cardiovascular 
disease A positive, non-significant relationship was found in women, possibly due to the lower 
prevalence of C VD in women and the lower percentage of smoking 

A positive family history of premature CVD is a strong risk correlate in the present study 
The family history is not used in the Framingham prediction equations We found a risk ratio of 
1 8 in our study, in a comparable range with the other risk factors 

We had no access to data on the duration or quality of antihypertensive treatment, so the 
effect of treatment on cardiovascular risk cannot be demonstrated in this study It is known that 
hypertension treatment has changed over years and treatment of mild hypertension has been a 



98 The Nijmegen Cohort Study 

hypertension treatment in the guidelines of the Dutch College of General Practitioners1228, so the 

prevalence of insufficient hypertension treatment is probably found more in patients with isolated 

systolic hypertension There could be two reasons for an underestimation of the relationship 

between BP and the risk for CHD Firstly, one BP measurement may not be accurate enough to 

establish a risk profile The study of MacMahon et al suggested that the risks are about 60% 

greater when multiple measurements are taken7 Secondly, an underestimation of the hypertension 

risk for CHD could have occurred due to unrecognised infarctions in hypertensive men and 

women35 

In conclusion, comparable CHD-morbidity figures and risk ratio's of DBP and SBP for 

CHD, found in the present study, were comparable to the Framingham offspring data for women 

only For men, a relative risk of 1 6 was found, m line with other studies36 It is remarkable that 

hypertension was no longer associated with CHD in the Framingham offspring study As long as 

a higher nsk of CHD remains observed m populations under usual care, hypertension in relation 

to CHD nsk needs further attention 
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Summary 

Objective: To determine the relationship between risk factors and cardiovascular disease (CVD) 
over an 18-year period and to identify the number of middle-aged patients with a combination of 
risk factors. 

Methods: The Nijmegen Cohort Study is a prospective cohort study with an 18 year follow-up. 
In 1977, cardiovascular risk factors were measured in 7,092 Caucasians, men and women. The 
screening took place in six general practices, participating in an university registration network. 
CVD and all mortality was registrated during the 1977-1995 period. A Cox proportional hazard 
model was performed separately for men and women with the first onset of a cardiovascular event 
as the outcome variable. Age, smoking, serum cholesterol, blood pressure and a family history 
of CVD were included as independent variables. 

Results: As the incidence of CVD in the 20-29 years age group was very low, analysis was done 
for the 30-50 years age group only. During the 18 year follow-up penod, 199 men and 58 women 
suffered a non-fatal myocardial infarction. 187 deaths were identified, of which 43 were 
cardiovascular. In men, a relative risk (RR) of 1.8 was found both for high blood pressure (HBP) 
and smokers, a RR of 2.5 for high cholesterol levels and 1.6 for overweight. For a positive family 
history a RR of 1.8 was found. In women the RR was 1.7 for HBP, 1.4 for smokers, 1.9 for high 
cholesterol, 1.9 for overweight and 1.9 for a positive family history. No nsk factor or one single 
risk factor was more common in women. In men, 38% of the group with the combination of all 
risk factors had suffered a CVD after 18 years. 

Conclusion: A significant relationship between nsk factors and CVD was demonstrated. The 
relative risks in men were comparable to women, though the absolute nsk in women was much 
lower. In men, the nsk increased gradually with the combination of nsk factors. Men at high nsk 
for CVD can be identified at their middle age. In women reserve in treatment of cardiovascular 
nsk factors is advised because of the low incidence of CVD. 
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Introduction 

Cardiovascular prevention is based on the understanding of the correlation between nsk factors 
and subsequent cardiovascular disease (CVD) Discussion exists about the most appropnate 
method for identifying persons at increased nsk for cardiovascular disease The Framingham 
study has been the classic example in assessing this correlation in the long term, and from its 
database tables have been computed to quantify the importance of cardiovascular nsk factors 
The Framingham nsk tables are used on a large scale around the world, and serve to predict the 
impact on CVD of nsk factor reduction2 The Framingham based nsk tables have been cnticised 
in overestimating the likelihood of subsequent clinical disease 3 Moreover, the absolute nsk of 
CVD in relation to blood pressure and cholesterol vanes between populations45 

As a consequence, there is a need to specify the nsk factor-CVD correlation for populations 
under preventive care This study measured the nsk factor-CVD correlation for a Dutch general 
practice population by using data of a well-descnbed population, that participated in an interven
tion project6 It was assessed how many middle-aged patients could be identified with a 
combination of nsk factors In the Netherlands, the general practice plays a key role in individual 
cardiovascular prevention, so from this, the consequences for the standard Dutch general practice 
were computed 

Subjects and Methods 

The Nijmegen Cohort Study is an 18-year follow-up, of a cohort of 7,092 individuals, aged 20-50 
years in 1977, who were screened by their general practitioner (GP) for cardiovascular nsk 
factors The follow-up assessed mortality 1977-1995, cause of death and, current cardiovascular 
health status of all who had survived till 1996 Six general practices took part, of the Nijmegen 
academic network of general practices7 These practices recorded in a standardised way of all 
patients morbidity and mortality data, and process data of their care of CVD 

Background 

The Nijmegen Cohort Study developed from the Nijmegen Intervention Project More details 
about the intervention project have been reported elsewhere 8 Bnefly, the 1977 intervention pro
ject was set out to study the feasibility of screening and intervention on cardiovascular nsk factors 
in general practice All patients, bom between 1927 and 1957, were invited to participate in a 
screening, when they visited their doctor A 33% sample of those who did not visit the practice 
in that penod were invited by letter for screening All together, cardiovascular nsk factors were 
measured in 7,092 Caucasians This was followed by an intervention tnal Four practices served 
as intervention practices, and 2 as controls In the intervention practices the 20% of the par-
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ticipants with the highest risk scores were invited to participate in a one year intervention. The 
other two practices acted as control practices. In the period 1994-1995 all participants were 
traced. 

Risk factors 

The cardiovascular risk allocation was based on blood pressure (BP), smoking habits, serum 
cholesterol and a positive family history for CVD. Criteria for the high risk profile were derived 
from the Coronary Risk Handbook from the Amencan Heart Association.9 Details about the risk 
profile were published earlier.10 A questionnaire about a family history of CVD, smoking habits 
and physical activity was filled in. Smoking habits were administered in four categories: non-
smokers, ex-smokers, light smokers and heavy smokers, who smoked at least ten cigarettes daily. 
A positive family history of CVD was defined as a myocardial infarction in at least one parent, 
brother or sister before the age of 65 years. Height and body weight were assessed and body mass 
index (BMI) was calculated as weight/height2. 

BP was taken as the average of two readings, measured twice in the right arm of sitting 
subjects after a few minutes rest period. The fifth phase of the Korotkoff sounds was recorded as 
the DBP. A blood sample was taken. Non-fasting serum cholesterol concentration was measured 
at the Laboratory of the Wageningen Agriculture University. A cardiovascular nsk profile was 
drawn up for every patient. 

Outcome variables 

Data on cardiovascular and cerebrovascular morbidity and all mortality were collected from the 
general practice records. Cardiovascular disease morbidity and mortality were classified 
according to the International Classification of Health Problems in Primary Care (code 410-414). 
Cerebrovascular diagnoses were divided in transient ischaemic attack or non-haemorrhagic stroke 
and haemorrhagic stroke (code 435,438). All deaths and cardiovascular and cerebrovascular dis
eases have been registrated at the practice office and were checked in general practice records or 
specialists lists whether they met the ICHPPC criteria. For this study the first onset of angina 
pectoris or myocardial infarction were taken as outcome variable for CVD-morbidity. 

Analysis 

Normal BP was defined as a systolic blood pressure (SBP) of < 140 mm Hg and a diastolic blood 
pressure (DBP) of < 90 mm Hg. High blood pressure included those under current use of 
antihypertensive medication. Cut-off for elevated serum total cholesterol was 5.8 mmol/L. 
Overweight was defined by a BMI of > 27 kg/m2. All variables, associated with CVD were used 
in a Cox proportional hazard regression model with the onset of a first cardiovascular disease as 
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outcome variable. Variables with a significant influence (p<0.05) were taken for further analysis. 
As only heavy smoking was significantly associated with CVD-nsk, smoking behaviour was 
taken as dichotomous variable, with heavy smoking against the other categones as reference 
range. Hazard ratio's for each individual risk factor and relative risks were estimated. The analysis 
was done for the 30-50 years age category, as there were only a few participants who suffered a 
CVD in the 20-29 year age category during the follow-up period. Next, association between the 
combination of risk factors and cardiovascular disease was calculated for men and women separ
ately. The analyses were carried out with the help of the SAS program." 

Results 

The study involved 7,092 participants. There were 1147 patients (16%) who between 1977 and 
1995 had moved to another area and were lost from follow-up. So data of 5945 participants (84%) 
were known (table 1). 

Table 1 Study population of the Nijmegen Cohort Study by age and sex both for known and 

moved participants. 

men 

women 

20-29 yrs 

known 

771 

923 

moved 

216 

284 

30-39 yrs 

known 

1163 

1185 

moved 

221 

216 

40-50 yrs 

known 

926 

978 

moved 

107 

102 

Total 

3404 

3688 

Risk factor values of subjects lost from follow-up did not differ from the participants, when 
adjusted for socio-economic class. The number of participants who moved was higher among 
those belonging to the high socio-economic class. Two hundred and five patients (3%) had died, 
of whom 18 in the 20-29 years age category with only 2 deaths from MI. Because of the low inci
dence of CVD in the youngest age category, it was decided to take only the 30-50 years age group 
in the analysis (table 2). 

Of those, 45 subjects had a history of cardiovascular disease at the beginning of the study and 
were thus excluded from analysis. Off all deaths (187) in that age category, 36 men and 7 women 
were identified as CVD-deaths due to myocardial infarction (MI). 
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Table 2 Characteristics of the 30-50 years study population. Parenthetical values are standard 

deviations. 

mean age 

blood pressure (mm Hg) 

DBP 
SBP 

cholesterol (mmol/L) 

BMI (kg/m2) 

smoking habits ( i lO cig) 

# o f C V D 
deaths from CVD 

other deaths 

men (n=2055) 

38 7 (range: 30-50) 

83 (11) 
135 (15) 

5.5(1.05) 

24.9 (2.8) 

46 1% 

199 

36 

86 

women (n=2152) 

38.8 (range: 30-50) 

82 (10) 
131 (16) 

5.2 (0.99) 

24 4 (3 5) 

27 4% 

58 

7 
58 

Table 3 Number of participants with an elevated risk factor for each category and relative risk. 

% CVD means the percentage of events RR means adjusted relative risk and 95% 

confidence interval determined by Cox proportional hazards regressions with all 5 

risk factors and age included. 

no risk factor 

high blood pressure 

heavy smoker 

TC i 5.8 mmol/L 

BMI ì 27 kg/m2 

positive family history 

men (n=2055) 

# (%) 

513(25 0) 

340(16 6) 

944(46 1) 

794(38 6) 

436(21 2) 

371 (18 1) 

% CVD 

4 

21 

15 

19 

17 

15 

RR 

0 3 (0 2-0 6) 

1 8(12-2 3) 

1.8(1 2-2 4) 

2 5(19-2 9) 

16(12-2 0) 

1 8(1 3-2 5) 

women (n= 

# (%) 

901 (41.8) 

329(15 3) 

588 (27 4) 

490(22 7) 

448(20 8) 

439(20 4) 

2152) 

% CVD 

2 

8 

5 

7 

8 

4 

RR 

0 4(0 2-0 7) 

17(0 8-2 5) 

1 4 (0 8-2 4) 

19(1 1-3.4) 

1 9(1 1-2 8) 

1 9(1 1-33) 
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The association between risk factors and CVD-morbidity is shown in table 3 Only 25% of 
the men and 41% of the women had no risk factor at all There were no clear differences in the 
relative risks between men and women, though the absolute risk is much higher in men Of all 
CVD deaths in men, 27 out of 36 had at least two risk factors In women there were 7 MI deaths, 
all belonging to the low to normal-risk categones 

Table 4 shows the observed numbers of patients in each risk category who suffered a CVD, 
indicating the prevalence for each separate risk factor and for the combination of risk factors In 
this table, a separate risk factor means normal values for the other risk factors As can be seen 
from table 2 and 3, high blood pressure without an elevation of the other risk factors occurred 
only in a minority of the participants, 17% of the men and 31 % of the women with high blood 
pressure 

Table 4 Observed numbers of patients who suffered a CVD in each risk category, indicating 
the predictive value for each separate risk factor (with normal values for the other 
risk factors) and for the combination of risk factors Practice means expected 
numbers in a standard general practice BMI Body Mass Index, HBP high blood 
pressure > 140/90 mm Hg and high TC means total cholesterol > 5 8 mmol/L 

no risk factor 

high blood pressure 

cholesterol > 5.8 mmol/1 

BMI > 27 kg/m5 

smoker 

HBP+ high TC 

high TC + smoker 

HBP + high TC + smoker 

all risk factors 

# 

513 

57 

231 

104 

429 

54 

228 

51 

37 

Men (n = 2055) 

CVD (%) 

17 (3) 

2 (4) 

17 (7) 

5 (5) 

23 (5) 

8(15) 

41(18) 

12(23) 

14(38) 

practice 
(n=300) 

75 

9 

33 

15 

60 

9 

33 

9 

6 

# 

901 

101 

185 

169 

340 

40 

91 

19 

15 

Women (n 

CVD(%) 

9(1) 

5(5) 

5(3) 

7(4) 

5(1) 

3(8) 

3(3) 

0 

1(7) 

= 2152) 

practice 
(n=300) 

123 

15 

27 

24 

48 

6 

13 

0 

3 
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Elevated cholesterol without other elevated nsk factors occurred in 29% of the men and 38% of 
the women with elevated cholesterol So the combination of risk factors occurred more often than 
the risk factors separately and went together with a higher risk of CVD The highest risk of 38% 
was found in men in the group with all nsk factors, including BMI > 27 kg/m5 The minonty who 
had high blood pressure or elevated cholesterol alone, experienced a limited elevated risk 
Particularly in men the risk increased with the combination of the risk factors 

In the Netherlands, a standard general practice with 2350 patients, encompasses about 300 
men and 300 women in the 30-50 year age category Extrapolating our figures to a standard 
practice means that of the above category, about 75 men and 120 women will have no elevated 
risk factor at all and 125 men and 100 women will have at least one risk factor About 100 men 
and 80 women will have several risk factors together (not all combinations are shown) 

Discussion 

Cardiovascular risk factors and disease 

This study made it possible to assess the relation of cardiovascular risk factors with CVD over 
a period of 18 years in a general practice population On an individual level, risk factors culmi
nated and single risk factors were present in only a minonty of those identified with risk factors 
For men, but not for women, CVD mortality was related with the presence of (multiple) risk 
factors 

For CVD morbidity, the relative nsk associated with hypertension, with 1 8 in men and 1 7 
in women, was comparable with findings of other studies, in which relative risks for CVD 
associated with hypertension ranged, depending on duration of follow-up, from 1 45 to 2 77 '2 

A number of the participants in the Nijmegen Cohort Study came under hypertension treatment 
during the study period10, according to the guidelines of the Dutch College of General Practi
tioners Nevertheless the relative risk of high blood pressure remained, as was found in other 
studies as well13 Only the Framingham offspring study, consisting of offspring of the original 
Framingham cohort, revealed no longer an association between hypertension and CVD in men14 

An explanation was found in the hypothesis that hypertension treatment has improved Anyway, 
the mean SBP m men at baseline in the Framingham offspnng study was lower and the mean BMI 
was higher than in our study 

Hypercholesterolemia in the present study yielded a relative risk of 2 5 for men and 1 9 for 
women The relative risk in men was higher than the Framingham data but m line with data of 
the MRFIT-study '5 For the BMI, as in the Framingham cohort and other epidemiological studies, 
the relative nsk of CVD in this study was higher in women (1 9) than in men (1 6)16 '7 A positive 
family history for CVD yielded a relative risk of 1 8, but it is known that the familial risk, in 
patients with premature CVD, is often related to a familial lipoprotein disorder18 "and therefore 
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not taken in risk tables It emphasises however the need for considering a bad family history in 

final treatment decisions 

The graduated relationship between the number of risk factors and the CVD-nsk with 

ultimately 38% in the study participants with all nsk factors included, is comparable with findings 

of Yusuf et α/18 in the First National Health and Nutntion Examination Survey Epidemiologic 

Follow-up Study In that study, the number of CVD per 100 study participants rose from 6 3 m 

those without any nsk factor (with normal total cholesterol defined as < 6 2 mmol/L) to 35 in 

those with 4-5 nsk factors Andersson et al found in a long-term observational study m treated 

hypertensive men19, no relationship between the achieved blood pressure and the CVD incidence, 

but the poor prognosis for mortality from CVD was dependent upon monitoring of cholesterol 

concentration 

At least, the analysis in this study confirms the finding that a low cholesterol level, in the 

presence of other nsk factors, lowers the nsk of CVD20 only 1% of all CVD-morbidity occurred 

in those with a cholesterol level lower than 4 2 mmol/L 

Methodological considerations 

The number of patients who after 18 years were lost from follow-up were relatively low, given 

the length of the follow-up, and no differences at baseline could be found, so loss from follow-up 

in all probability did not introduce an important bias The practices participate in the Nijmegen 

academic network and receive regular review of their performance, including hypertension and 

diabetes7 Therefore it can be expected that the treatment reflects the state of the art in general 

practice Consequently the effectiveness of routine care could have been higher than in 'average' 

general practice The levels of risk factors in 1977 were comparable with those found in other 

populations in the Netherlands2122 The prevalence of cardiovascular morbidity in this cohort was 

10% in men and 3% in women Cardiovascular mortality in this study was 26% of total mortality 

in the cohort These percentages are comparable with morbidity and mortality figures in the 

Netherlands for this relative young age category2324, so it seems possible to extrapolate our 

findings to the Dutch population as a whole 

Consequences for general practice 

A single elevated risk factor confers a small elevated long-term risk of CVD and the 

majority of the patients in a general practice population with risk factors have multiple risk 

factors, in particular in men Higher BP values are more often associated with elevated cholesterol 

levels and greater BMI The BMI, though it is accepted as an important nsk factor25 and simply 

measurable, is not used in the current risk tables The same concerns a positive family history It 

is recommended, therefore, to focus more on combination of actual BP with other nsk factors 

As an example, the guidelines of the Dutch College of General Practitioners, recommend no 
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hypertension treatment when a BP lower than 160/95 mm Hg is measured 6 Our results show that 

middle-aged men at high CVD-nsk can be identified with multiple nsk factors and a BP > 140/90 

mm Hg, according to the WHO and US guidelines2 7 2 8 Even with a moderate elevated serum 

cholesterol there is a high nsk of CVD in that age group It concerns about 10 men at the highest 

nsk and 90 men at a moderate-high nsk in a standard general practice Generally, one can expect 

that about one third of middle age men is at low CVD nsk without nsk factors, one third has one 

risk factor and one third is at moderate-high risk of CVD, the same proportion as found in older 

age groups29 As the serum cholesterol level and other risk factors rise dunng adult life30, taking 

changes in risk factor levels into account, could be helpful in assessing a more accurate risk 

prediction 

It can be concluded that patients at a high risk for CVD can be identified at their middle age 

This applies particularly to men In adult middle-aged women the relative risk is similar to men, 

but because of the low incidence of CVD the absolute risk is small Moreover, more women have 

a single nsk factor with a moderate absolute nsk A certain reserve in treatment of cardiovascular 

risk factors in women is justified, the only sensible advice to them seems to be to avoid gaining 

body weight and stop smoking 
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The approach towards the treatment of cardiovascular nsk factors has historically been based on 
absolute threshold values. On the one hand it seems rational to do so, in order to be able to state 
clear guidelines for health professionals. On the other hand, such an approach overlooks the 
development of the level and the course of risk factors within individuals. The consequence is that 
family physicians could miss the opportunity to take advantage of their long-term contact with 
patients and their families in the case of gradually developing nsk factors. 

In this thesis, the course of cardiovascular nsk factors and their relation with subsequent 
cardiovascular disease (CVD) over an 18-year penod was the object of study. The Nijmegen 
Cohort Study developed from the Nijmegen Intervention Project, which was carried out in 1977-
1978 to study the feasibility and effectiveness of locating and treating cardiovascular nsk factors 
in general practice. 

Course of risk factors 

The course of the main cardiovascular risk factors was studied over the 1977-1995 period in a 
sample of the cohort, consisting of 2350 persons, aged 20-50 years at the start of the study. 
Individual blood pressure readings correlated well over the follow-up period. It means that a 
single blood pressure reading gives a fairly good prediction about one's blood pressure level after 
18 years. Patients with hypertension originated mainly from the group with borderline high blood 
pressure. Those with body weight gain had a greater chance of acquinng hypertension. The 
percentage of subjects with hypertension increased from 6% at baseline screening until 18% in 
1995. The percentage was dependent on age: from 15% in the 40-50 years age group to 21% in 
the 51-68 years age group, resulting in a more than threefold rise in the prevalence of 
hypertension during 18 years. On the other hand, once a low blood pressure was found and there 
was no or little body weight gain, the chance of acquinng high blood pressure was very low. 
About one-third of this cohort had a low blood pressure at the 1977 screening, and only a few 
subjects became hypertensive. 

Similar findings concerned the course in cholesterol. A strong correlation (0.63) in the 20-
30 year age category was found between cholesterol readings in 1977 and 1995. Cholesterol 
levels rose in most adults. In men the main increase (20%) occurred in young adult life, whereas 
in women the most pronounced increase (17%) look place dunng the menopausal penod. Again, 
body weight gain was significantly related to cholesterol increase. Though much of the change 
in cholesterol remains unexplained and is caused by other factors, differences in the changes in 
cholesterol levels between men and women were remarkable. 

Trends in body mass index (BMI) and smoking habits in this cohort were the same as in 
other studies in the Netherlands and in other Western countnes: a strong increase in BMI and a 
declining prevalence of smokers. The number of subjects with obesity doubled dunng the study 
period and the percentage of smokers diminished by about half. In the future this will lead to a 
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shift in the palette of CVD-related nsk factors: requiring more surveillance of obesity or other 
obesity-related diseases as diabetes and thus result in increasingly large groups for the monitoring 
of chronic diseases. Together with a strong decline in acute myocardial infarctions , this will 
probably lead to another CVD-risk factor correlation. Energy intake is declining in the Dutch 
population, yet there is a growing obesity. This could mean that more attention must be paid to 
physical activity. Since despite the lower energy intake, the saturated fat intake in the Netherlands 
is still too high, the need also remains for further health education. The effectiveness of 
intervention needs to be maintained over a long period of time. This poses again a challenge: in 
this study it was not possible to find indications of the effects of intervention in 1978. We found 
no difference in fat intake between the intervention and non-intervention groups. The percentage 
of smokers was found to be the same in both the hypertension group and the non-hypertension 
group, indicating that probably little attention was paid to those modifiable risk factors. 

Risk factors and disease 

The second research question was the relationship between cardiovascular risk factors and 
subsequent disease in this cohort. The highest relative risk (2.5) was found for coronary heart 
disease (CHD) in men with elevated serum cholesterol levels, somewhat higher than the risk 
found in the Framingham cohort study but comparable with findings of the MRFTT study. The 
relative nsk of high blood pressure, with 1.8 found in men and 1.7 in women, was similar to other 
epidemiological studies. In the relatively young cohort of the present study, cholesterol is a 
stronger predictor for CHD than blood pressure, especially in men. Obesity, with a relative nsk 
of 1.8, significantly contributed to the risk of CHD, comparable to other studies. When 
overweight was added to the other risk factors, the 18-year nsk in men increased with 10%. For 
a positive family history a relative risk of 1.8 for CHD was found and remained significant after 
adjustment for blood pressure, smoking and cholesterol level. This figure is in line with findings 
from other studies. As an example, in a Finish cohort, with a high occurrence of CHD, a relative 
nsk of 1.7 was found among men and 2.9 among women < 55 years.2 However, in the 
Framingham cohort study, in which family history was not accurately assessed and therefore not 
included in prediction equations,3 an Odds ratio of 1.3 was determined. That figure was based on 
CHD mortality in parents, without any age limit.4 So a positive family history for CHD 
contnbules to the nsk prediction, but the degree is dependent on the definition of the family 
history. 

Smoking more than 10 cigarettes daily remained a significant risk factor after 18 years, 
even though the percentage of smokers diminished by about a half. It means that smoking is a 
very significant nsk factor when the influence of quit smoking on cardiovascular risk is taken into 
account. Stop smoking rapidly decreases the nsk for CHD5. 

This study showed again the importance of the combination of nsk factors. On the base of 
the available data, it is possible to identify middle-aged men with several risk factors who are at 
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a high risk for CHD. It concerns only a small number of patients in a standard general practice. 
Only a minority of the participants had one single elevated risk factor. About one third of the 
population had none of the observed risk factors. 

Comment 

The number of longitudinal studies in unselected populations is limited and a comparable study 
has not been carried out in the Netherlands. The reason is that such studies demand great effort 
and are dependent on a good registration. This cohort study was unique in a range of aspects. 

The well documented data on morbidity and mortality and other patients figures in the 
participating practices make clear that computerised general practices are able with limited costs 
and efforts to assess risk factors and to register cardiovascular diseases, in such a manner that the 
data can be used for further research. Moreover, the primary care-lead model in the Netherlands 
with all inhabitants listed with a general practitioner implies that a practice population can be 
defined, irrespective of its members actual needs for medical care6. In addition, training of 
practice assistants, as we did in our study, is helpful, for both accurate measurement and better 
monitoring. 

Participants were recruited from general practices without pre-selection, so the findings of 
this study are representative for the general population in the research practices. Moreover, risk 
factors found in this population did not differ from other Dutch studies. About 84% of the 1977 
cohort was detected in 1995, and the percentage of non-attenders at the rescreening in 1995 was 
low, so it seems reasonable to extrapolate the conclusions to the Dutch population. The 
participants were all whites, so our findings will not apply to immigrants, who often have 
different risk ratios for CHD7 and constitute a growing part of the inhabitants of the Netherlands8. 

The risk factors were carefully measured both in 1977 and 1995. Special attention was paid 
to the training of the practice assistants in risk factor measurement. Cholesterol measurements 
took place under standardised circumstances. The physicians of the participating practices 
checked all the patients records to see whether they had suffered a CVD. Next, all the diagnoses 
were checked by the investigator with the help of a medical student as to whether they were in 
accordance with the ICHPPC criteria. Only a few diagnoses were uncertain. There is a difference 
between diagnoses taken in the present study and the diagnoses used in the Framingham risk 
tables, which are based on all CHD-diagnoses, including the history of angina pectons, ECG-
diagnoses and silent myocardial infarctions. All practices were used to monitoring as they 
participate in the registration network of the Nijmegen University. Together with the careful 
control it is unlikely that cardiovascular disease diagnoses were missed. As it is known that silent 
infarctions are more prevalent in those with high risk factor levels, the relation between risk 
factors and CHD can actually be higher as found in our study. 
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Recommendations for general practice 

The ultimate aim of prevention is to reduce the morbidity and mortality of CVD. The current 
practice in screening and treatment for cardiovascular nsk factors is based on the case finding of 
a patient with high nsk of CVD. An individual who does not indicate a risk that makes active 
treatment necessary at a given moment will disappear out of sight for monitoring. Our study 
makes clear that risk factors, measured in young adults, are predictive over the long-term: a strong 
correlation was found for cholesterol and blood pressure between two readings after 18 years. So, 
as a first step, the cardiovascular nsk profile, determined at young adult age, can be used as a 
point of departure. When low risk factor levels are found, there is no indication for further check
ups. Next, attention has to be paid to those whose risk factors develop in an unfavourable direc
tion with changes in body weight as an indication for further momtonng. In this respect, body 
weight is a simple, but meaningful risk factor. Together with the increased risk of excess 
abdominal fat obesity seems an underestimated risk factor. Thereafter, the family history provides 
a useful addition to the nsk prediction. This approach applies especially to men who are at higher 
nsk of CHD. The computensed practices offer a lot of possibilities on that point. The family 
physician can use his personal relationship with young patients and their families to promote 
behavioural changes,9 an underdeveloped aspect in primary care. This approach can be seen as 
an important supplement to the disease intervention, based on controlled tnals and offers a 
particularly neh potential for differentiated preventive activities, more directed at patient-based 
evidence10. Obviously, further research is needed to determine the outcomes of such a differenti
ated approach. In fact, the family physician is by any means the person who is able to follow the 
state of health of a person over the long-term. 

The participants in the Nijmegen Cohort Study had reached the age of 38-69 years at the 
end of the study. So the study has given a clear view on the development of nsk factors in middle-
aged subjects. For a great part, cardiovascular morbidity and mortality will still occur in the future 
in the participants of this cohort. The decline in acute and fatal myocardial infarctions, together 
with an increasing life expectancy, could mean that attention in monitoring and treatment of nsk 
factors will focus more on preventing or postponing congestive heart failure". Further research 
on this cohort can give more insight into the association between (changes in) nsk factors 
assessed in middle-aged subjects and cardio- and cerebrovascular disease in the elderly. 

References 

1. Bonneux L, Looman CWN, Barendregt JJ, Van der Maas PJ. Regression analysis of recent changes 
in cardiovascular morbidity and mortality in the Netherlands. Br Med J 1997;314·7 89-92. 

2. Jousilahti P, Puska P, Vartiainen E, Pekkanen J, Tuomelehto J. Parental history of premature 



118 The Nijmegen Cohort Study 

coronary heart disease an independent risk factor of myocardial infarction J Clin Epidemiol 
1996,49 497-503 

3 Gmndy SM, Balady GJ, Cnqui MH, Fletcher G, Greenland P, Hiratzka LF, et al Primary prevention 
of coronary heart disease guidance from Framingham Circulation 1998,97 1876-87 

4 Myers RH, Kiely DK, Cupples LA, Kannel WB Parental history is an independent risk factor for 
coronary artery disease the Framingham Study Am Heart J 1990,120 963-9 

5 Rosenberg L, Kaufman DW, Helmnch SP, Shapiro S The risk of myocardial infarction after quitting 
smoking in men under 55 years of age Ν Engl J Med 1985,313 1511-4 

6 Van Weel C International research and the discipline of family medicine Eur J Gen Pract 
1999,5 110-5 

7 Kaplan NM Ethnic aspects of hypertension Lancet 1994, 344 450-2 

8 Rapportage Minderheden 1999 Sociaal Cultureel Planbureau 

9 Van Weel C Nutritional guidance in general practice-a conceptual framework Eur J Clin Nutr 
1999,53 (Suppl)S108-Sl 11 

10 Van Weel C, Knottnerus JA Evidence-based interventions and comprehensive treatment Lancet 
1999,353 916-8 

11 Levy D, Larson MG, Vasan RS, Kannel WB, Ho KKL The progression from hypertension to 
congestive heart failure JAMA 1996,275 1557-62 



SUMMARY 



120 The Nijmegen Cohort Study 

Summary 

This thesis describes the course of cardiovascular risk factors and their relationship with 

subsequent disease over an 18-year period. 

In 1977, Van Ree started the Nijmegen Intervention Project: in 7,092 subjects, men and 

women aged 20 to 50 years, cardiovascular risk factors were measured (height and weight, blood 

pressure, smoking habits, serum total cholesterol, a positive family history for cardiovascular disease 

and physical activity). The participants with the highest risk were invited for a one year intervention. 

The study took place in six general practices in the environment of Nijmegen. 

In 1994, the present study, called The Nijmegen Cohort Study, started as a follow-up study of the 

Nijmegen Intervention Project. The aim of the Nijmegen Cohort Study was to find an answer on 

the following research questions: 

• What are the changes in cardiovascular risk factors over a long-term penod in adult individuals 

and which factors influenced the changes? 

• What is the time relation between cardiovascular risk factors in a Dutch general practice 

population and subsequent cardiovascular morbidity and mortality? 

The processing of all 1977 data was the first step and with the help of the practice files in 1994 

it was established whether patients were still registrated in the practices. Thereafter it was 

assessed who suffered a cardiovascular disease and who died during the study period. The 

researcher checked all diagnoses of cardiovascular morbidity and mortality as well as all other 

mortality diagnoses. Finally, 5,945 (84%) subjects were included in this study. Of the remaining 

1,147 subjects' data on the date of departure or disease history before leaving the practice area 

were lacking. 

Before starting the performance of the study itself, some methodological problems had 

to be solved. The results of these methodological studies are described in CHAPTER TWO. 

In the 1977 survey, other bladder sizes were used than in 1994. For this purpose, a fully randomi

sed experimental study was performed, in which three bladders were compared. With the smallest 

bladder (13 χ 23 cm) the highest systolic (SBP) and diastolic blood pressure (DBP) was found 

(mean SBP 127.2 respectively mean DBP 77.0 mm Hg), followed by the bladder of 13 χ 36 cm 

(125.1 respectively 75 4 mm Hg). The lowest blood pressure (BP) was measured with the bladder 

of 16 χ 23 cm (123.7 respectively 74.4 mm Hg). Over the entire range of arm circumferences in 

the present study, there was a small systematic difference in the BP values taken by the vanous 

bladder sizes, independent of the arm circumference or the BP level. It was concluded that for 

individual readings the difference is less marked, in companson with other factors that can affect 

BP measurements. 
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Another methodological study was performed in order to investigate the influence of a 
rest period on BP measurement. For this purpose, two groups were selected. The first group 
consisted of volunteers not under treatment for hypertension and the second group consisted of 
patients under treatment for hypertension. In the non-hypertension group, the average SBP 
dropped 9 mm Hg and the average DBP 3 mm Hg after 10 minutes rest. In the hypertensive 
group, the decrease was, respectively, 14 and 4 mm Hg, after an 8 minutes rest penod. In the 
hypertension group, the strongest BP decrease took place between the first and the second 
measurement, whit the decrease depending on the initial BP. Thereafter there was a minor further 
BP decrease. We concluded that a rest period of at least 4 minutes is recommended in measuring 
someone's BP. In both the Nijmegen Intervention Project and the Nijmegen Cohort Study this 
criterion was met. 

If there was still an effect of the 1977 intervention, this could influence the results of the 
follow-up study. So it was decided to look at differences in fat intake between the intervention 
and control groups. In 1995, no difference in either fat intake or serum cholesterol was found 
between the 1977 intervention and control groups. 

The answer to the first research question was found by remeasuring the risk factors in a 
sample of 2,350 subjects of the 1977 cohort. 

In CHAPTER 3 the course of blood pressure and the development of hypertension was 
described during the 18-year period. The DBP was used to investigate the course of BP and the 
development of hypertension. The DBP tracking was studied in subjects not under hypertension 
treatment at the start of the 1977 study. Participants were classified into four categones on the 
base of their baseline DBP. Only 7% of the subjects from the lowest category were under hyper
tensive treatment in 1995. Of the highest category in 1977 (>= 95 mm Hg), 64% was under 
hypertension treatment in 1995. The baseline DBP in 1977 had the highest predictive value for 
future DBP. Body weight gain over the years increased the nsk for future hypertension, in contrast 
there was no risk at a low DBP without weight gain. We concluded that one single blood pressure 
reading can fairly well predict someone's future BP level. There is no need for regular check-ups 
for those patients with a low DBP who experience no weight gain. Borderline DBP (> 85 mm 
Hg), together with body weight gain, increases the risk of developing hypertension. 

Comparable figures were described for serum cholesterol in CHAPTER 4. We studied the 
course of serum total cholesterol during the 18-year period. The mean cholesterol levels rose 
during the study period in all age categones. The highest mean increase in men was found in the 
youngest age group (1.23 mmol/L, or 20 %), whereas in women the maximum mean increase was 
found in the 40-44 years age group (1.12 mmol/L, or 17 %). Correlation coefficients between the 
1977 and 1995 readings vaned from 0.63, in the youngest age group, to 0.41 in the oldest. Body 
weight change during the study period was found to have influenced the rise in serum cholesterol. 
At basic screening, 19.2% of the men and 12.4% of the women showed cholesterol levels of 6.5 
mmol/L or higher, as against 35.8% and 36.8%, respectively, in 1995. 
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The second research question of this thesis was answered in CHAPTER 5 AND 6. The 
relationship between the BP level, as measured in 1977, and the development of coronary heart 
disease was the object of study. Dunng the follow-up period, 205 men and 63 women suffered 
a non-fatal myocardial infarction. 205 deaths were identified, of which 54 were cardiovascular. 
Of all deaths, 139 were non-cardiovascular, of which 10% were due to accident or suicide. In 12 
participants the cause of death was uncertain. The risk of suffenng a CVD increased with rising 
BP, even when adjusted for the other risk factors cholesterol, smoking, a positive family history 
for CVD and body mass index (kg/m2). For each mm Hg increase in blood pressure the risk 
increased with 2% both for men and for women. The consequences of one risk factor and the 
combination of several risk factors for the risk of CVD were outlined in CHAPTER 6. Risk factors 
were more frequently found in men. It concerned both the occurrence of one single risk factor and 
the combination of several risk factors. In men, the risk increased with the number of risk factors, 
with the highest risk of 38% found in the group with all risk factors. In women the absolute risk 
of coronary heart disease was low, even in the group with several risk factors. Risk factors in 
women gave a poor prediction for future coronary heart disease in this cohort. 

On the base of the results of the Nijmegen Cohort Study, the number of patients with one 
or more cardiovascular risk factors was calculated for a standard Dutch general practice. It 
concerns a limited number of middle aged men: about 25 men with three or more risk factors can 
be expected in standard practice. Monitoring of the risk factors is recommended for this high risk 
group. On the other hand, a certain reserve in treatment of cardiovascular risk factors in women 
is justified, the only sensible advice to them seems to be to avoid gaining body weight and stop 
smoking. 

At last the results of this study were discussed in CHAPTER 7. First, the well documented 
data on morbidity and mortality and other patients figures in the participating practices make clear 
that computerised general practices are well able to assess risk factors and to registrar 
cardiovascular diseases with limited costs and efforts. Secondly, the relative risk of CVD was 
comparable to findings of other studies. This is interesting taking the more conservative Dutch 
guidelines for hypertension treatment into account. Thirdly, the study makes clear that risk fac
tors, measured in young adults, are predictive over the long-term: a strong correlation was found 
for cholesterol and blood pressure between two readings after 18 years. This means that risk fac
tors, measured in young adults, are predictive over the long-term. This offers a particularly neh 
potential for preventive activities: when low risk factor levels are found, there is no indication for 
further check-ups. Attention has to be paid to those, whose risk factors develop in an unfavoura
ble direction, with changes in body weight as an indication for further momtonng. This approach 
applies especially to men who have a higher risk of coronary heart diseases. 
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Samenvatting 

Dit proefschrift beschrijft hel beloop van risicofactoren in relatie tot hart- en vaatziekten over de 

penode 1977-1995 

In 1977 startte J. van Ree het Nijmeegs Interventie Project. Bij 7092 personen, mannen en 
vrouwen in de leeftijd van 20-50 jaar, werden de risicofactoren voor hart- en vaatziekten gemeten 
(lengte en gewicht, bloeddruk, rookgewoonten, serumcholesterol, familiaire belasting en de mate van 
lichamelijke activiteit). De personen met het hoogste risico werden uitgenodigd voor een één jaar 
durende interventie. Dit onderzoek vond plaats in 6 huisartspraktijken in de omgeving van Nijmegen. 

In 1994 werd begonnen met een vervolgstudie van het Nijmeegs Interventie Project: De 
Nijmegen Cohort Studie. Met behulp van de gegevens, die in het Nijmeegs Interventie Project 
en de Nijmegen Cohort studie zijn verzameld, werd een antwoord gezocht op de volgende 
onderzoeksvragen: 

• Wat is het beloop van de cardiovasculaire risicofactoren in dit cohort over de penode 1977-
1995? 

• Wat is het verband tussen het gemeten risicoprofiel hart- en vaatziekten anno 1977 en de opge
treden cardiovasculaire morbiditeit en mortaliteit over de penode 1977-1995? 

Voordat met het feitelijke onderzoek kon worden begonnen, dienden eerst de gegevens van de 
deelnemers uit 1977 in kaart te worden gebracht. Bovendien moesten een aantal methodologische 
problemen worden opgelost. 

Alle bestanden uit 1977 werden heropend en met behulp van de gegevens uit de 
huisartspraktijken werd nagegaan welke deelnemers nog in de praktijken aanwezig waren. 
Vervolgens werd gekeken welke personen een hart- of vaatziekte hadden doorgemaakt en welke 
personen waren overleden. Alle gediagnosticeerde hart- en vaatziekten en alle doodsoorzaken 
werden door de onderzoeker in de praktijken gecontroleerd. In 1995 waren gegevens van 5945 
personen bekend. Van de ovenge 1147 personen was de datum van vertrek uit de praktijken 
alsook de ziektegeschiedenis vóór vertrek niet meer te achterhalen. 

Het voorbereidende onderzoek met betrekking tot de methodologische problemen staat 
beschreven in de verschillende onderdelen van HOOFDSTUK 2. Indien er nog een effect van de in 
1977 uitgevoerde interventie aanwezig was, zou dit de uitkomst van de hermeting kunnen 
beïnvloeden. Om dit vast te stellen werd bij een aantal deelnemers aan de hermeting, naast het 
meten van de risicofactoren, een onderzoek gedaan naar de vetinneming. Er werd in 1995 géén 
verschil in vetinneming gevonden tussen de hoog-risico groep uit 1977, die een één jaar durende 
interventie hadden ondergaan en de ovenge deelnemers. Wel bleek de vetinneming in alle 
groepen hoger te zijn dan wordt aanbevolen. 
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Bij het onderzoek in 1977 werd de bloeddruk gemeten met een andere cuff dan 

aanbevolen in de huidige richtlijnen. Om die reden werd besloten eerst een vergelijkend onder

zoek te doen naar de invloed van het gebruik van verschillende cuffs op de gemeten bloeddruk. 

Voor dat onderzoek werd een gerandomiseerd experimenteel onderzoek opgezet, waarbij de 

bloeddruk werd gemeten met 3 verschillende cuffs. Met de kleinste cuff, 13 χ 23 cm, werd de 

hoogste systolische en diastolische bloeddruk gemeten (gemiddelde SBD 127,2 en gemiddelde 

DBD 77,0 mm Hg), gevolgd door de cuff van 13 χ 36 cm (125,1 resp. 75,4 mm Hg), terwijl de 

laagste bloeddruk werd gemeten met de cuff van 16 χ 23 cm (123,7 resp. 74,4 mm Hg). Er werd 

derhalve een klein verschil in bloeddruk gevonden tussen de cuffs, onafhankelijk van de 

armomtrek of de hoogte van de bloeddruk. 

Een ander methodologisch onderzoek werd uitgevoerd om de invloed van een rustperiode 

op de bloeddruk te bestuderen. Dit deel van het onderzoek werd uitgevoerd bij twee groepen 

personen. De eerste groep bestond uit vrijwilligers, die niet bekend waren met hypertensie en de 

tweede groep werd gevormd door hypertensie patiënten, onderzocht op de polikliniek van een 

academisch ziekenhuis. In beide groepen bleek een aanzienlijke daling van de systolische 

bloeddruk opgetreden na de rustperiode: de gemiddelde daling van de systolische bloeddruk was 

9 mm Hg in de eerste groep en 14 mm Hg in de hypertensie groep. De daling in de diastolische 

bloeddruk was minder uitgesproken, 3 mm Hg resp. 4 mm Hg. Op grond van dit onderzoek werd 

geconcludeerd dat een rustpenode van tenminste 4 minuten in acht genomen dient te worden vóór 

het meten van de bloeddruk. In het onderzoek werd aan deze voorwaarde voldaan. 

Om de eerste vraagstelling te beantwoorden werden de risicofactoren bij een aantal 

personen opnieuw gemeten. Dit gebeurde bij 2335 personen. De hermeting vond plaats in de huis

artspraktijken, waarbij dezelfde risicofactoren werden gemeten als in 1977. Met behulp van deze 

gegevens werd het beloop van de bloeddruk bestudeerd (HOOFDSTUK 3). In 1995 bleek 47% van 

de personen uit de categorie met de laagste bloeddruk in 1977 zich nog steeds in deze groep te 

bevinden, terwijl slechts 7% van de personen uit deze groep hoge bloeddruk had gekregen. Van 

de groep deelnemers, die in 1977 een diastolische bloeddruk hadden boven de 85 mm Hg bleek 

in 1995 64% hoge bloeddruk te hebben. De gewichtstoename speelde een belangrijke rol bij de 

stijging van de bloeddruk: naarmate het gewicht meer was toegenomen nam het risico om hoge 

bloeddruk te knjgen toe. Geconcludeerd werd dat een eenmalig gemeten bloeddruk een goede 

indruk geeft van iemands bloeddruk op langere termijn. Het feit dat iemand met een lage 

bloeddruk slechts een zeer kleine kans heeft op het ontwikkelen van hypertensie betekent dat een 

regelmatige bloeddrukcontrole bij deze personen niet nodig is. 

Op dezelfde wijze werden veranderingen in het cholesterol bestudeerd tussen 1977 en 

1995 (HOOFDSTUK 4). Na 18 jaar bleek, gemiddeld genomen, het cholesterolgehalte gestegen. 

Maar er was een verschil tussen mannen en vrouwen. Bij mannen vond de sterkste stijging (20%) 

in het cholesterolgehalte plaats in de jongste leeftijdsgroep en bij vrouwen (16%) meer rond de 

menopausale leeftijd. De stijging in het cholesterolgehalte was groter naarmate het gewicht meer 
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was toegenomen. Bij de basismeting bleek 19% van de mannen en 12,4% van de vrouwen een 
cholesterolgehalte te hebben van 6,5 mmol/1 of hoger, terwijl deze percentages in 1995 
respectievelijk 35,8% en 36,8% bedroegen. 

Het antwoord op vraagstelling twee werd beschreven in HOOFDSTUK 5 EN 6. De relatie 
tussen het niveau van de bloeddruk in 1977 en de kans op het optreden van coronair lijden werd 
bestudeerd. De kans op het krijgen van een coronaire aandoening nam toe met het stijgen van de 
bloeddruk, ook wanneer rekening werd gehouden met de aanwezigheid van de andere risicofacto
ren. Bij 197 mannen and 60 vrouwen werd gedurende de onderzoeksperiode een coronaire 
aandoening gediagnosticeerd. In diezelfde penode waren 220 mensen gestorven, waarvan 63 ten 
gevolge van een hart- vaatziekte. De regressiecoëfficiënt voor de systolische bloeddruk was 0.01 
voor mannen en 0.02 voor vrouwen, hetgeen betekent dat iedere mm Hg stijging in bloeddruk 
gepaard gaat met een toename van 1 respectievelijk 2% van de kans op het knjgen van een 
hartinfarct. Deze resultaten waren vergelijkbaar met gegevens uit Amerikaanse studies. 
Vervolgens werd de betekenis van de combinatie van alle risicofactoren voor het optreden van 
hart- en vaatziekten bestudeerd. Risicofactoren werden bij vrouwen minder vaak aangetroffen. 
Dat gold zowel de aanwezigheid van één enkele risicofactor als de combinatie van meerdere risi
cofactoren. Van de 30 tot 50 jarige mannen met alle risicofactoren, bleek 38% na 18 jaar een 
coronaire aandoening te hebben doorgemaakt. Bij vrouwen was het absolute risico voor het 
krijgen van een coronaire aandoening erg laag, zelfs in de groep met alle risicofactoren. Op basis 
van de gegevens van dit onderzoek werd berekend dat in een standaard huisartspraktijk ongeveer 
25 mannen, in de leeftijdsgroep 30-50 jaar, met meerdere risicofactoren zullen worden gevonden. 
Extra aandacht voor deze groep mannen verdient aanbeveling. Aan vrouwen uit deze leeftijdgroep 
lijkt alleen stoppen met roken en preventie van gewichtstoename (gezien de grote kans op het 
krijgen van hypertensie en diabetes) een zinvol advies. 

De consequenties van het onderzoek voor de praktijk worden in HOOFDSTUK 7 ter 
discussie gesteld. De gevonden verschillen in het beloop van risicofactoren tussen personen 
zouden moeten leiden tot een meer gedifferentieerde risicobenadering. De langdurige arts-patiënt 
relatie in de huisartspraktijk is bij uitstek geschikt om ongunstige veranderingen in het niveau van 
de risicofactoren vast te stellen en te begeleiden. Het is zinvol om juist bij mannen op jongere 
leeftijd het risicoprofiel vast te stellen. Meer onderzoek is nodig om het effect van deze gedif
ferentieerde risicobenadering vast te stellen. Op het einde van het onderzoek waren de oudste 
deelnemers 68 jaar. Gezien de relatieve jonge leeftijd van de onderzoekspopulatie op het eind van 
het onderzoek zullen veel hart- en vaatziekten binnen dit cohort nog optreden. Verder vervolgen 
van dit cohort kan derhalve nog een schat aan gegevens opleveren. 
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Appendix A 

Instructions for blood pressure measurement 

• Tight or restrictive clothing should be removed from the arm. 
• Applicate the cuff firmly around the upper arm Be care that there is no air in the cuff 
• The centre of the bladder must be placed over the line of the brachial artery, which can be 

palpated 
• Count and note the pulse frequency during 15 seconds by using the hourglass, write also 

whether the pulse is regular and equal or not 
• Palpate the radial artery and raise the pressure until the artery pulsation vanishes to be 

roughly informed about the level of the systolic pressure 

• Deflate the cuff totally until the zero value! For the blood pressure measurement the cuff 
must now be inflated 20-30 mmHg above the palpated systolic blood pressure 

• Reduce pressure slowly at a rate of 2 mmHg per second Watch out 2 mm per second 
means that a blood pressure of for example 160/90 needs a 45 seconds measurement1 

• When the first reading is noted (e g 172/94 mmHg), for the second and third measurement, 
the cuff pressure can be reduced faster between systolic and diastolic reading (between 160 
and 105 in the given example) 

• Take reading of systolic blood pressure when the sounds appear (Korotkoff I phase) When 
repetitive sounds disappear diastolic blood pressure is read (Korotkoff phase V) When 
sounds are heard still nearly to a level of 0 mmHg, then the Korotkoff phase IV pressure 
should also be recorded, together with the phase V pressure (example 150/90/20 mmHg) 

• Deflate the cuff totally until the mercury column reach the zero value Note the BP value 
At next, you have to wait at least five pulse rates before starting the second measurement 
Write down the second value and start the third measurement on the same way 
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Appendix Β 

Registratieformulier hermetingsonderzoek NIP 

In te vullen door praktijkassistente 

Administratieve gegevens: 

Hier komt etiket. 

IS DE LENGTE ONGEVEER JUIST? 

IS DE GEBOORTEDATUM JUIST' 

BURGERLIJKE STAAT 

BEROEP: 

BEROEP PARTNER . . 

WAT IS UW HOOGST VOLTOOIDE SCHOOL

OPLEIDING? 

1 Dja 
2 D nee nl 

1 Dja 
2 D nee nl _ J _ J / L _ L J / 

dag mnd 

1 O gehuwd / samenw 
2 D alleens! 
3 D weduwe/weduwnaar 
4 D anders 

1 D lagere school/basisonderwijs 
2 D lager beroepsonderwijs lts, Ihno, leao, lagere 

agrarische school, handelsschool, 
praktijkdiploma 

3 D (m)ulo, mavo 
4 D middelbaar beroepsonderwijs' mba, lo-akten, 

mts, meao 
5 D mms, havo, hbs, vwo, lyceum, atheneum of 

gymnasium tof en met het derdejaar met 
succes doorlopen 

6 D mms, havo, hbs, vwo, lyceum, atheneum of 
gymnasium geheel voltooid 

7 D hoger beroepsonderwijs hts, heao, mo-oplei-
dmg, sociale/ 
pedagogische academie 

8 D universiteit toi en met kandidaatsexamen 
(oude stijl) 

9 D universiteit, geheel voltooid 

DATUM ONDERZOEK l_ l_ l / l_ l_ l / l _ L J (dag/mnd/jr) 
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8. NEEMT DEEL AAN ONDERZOEK 1 Dja 2 D nee 
Reden niet deelname. 
1 D weigert deelname 
2 D vertrokken uit praktijk 
3 D ziekte 
4 D anders 

Familie-anamnese 

9. HEEFT UW VADER OOIT EEN HARTINFARCT GEHAD? 1 D ja 2 D nee 3 D met bekend 

Zo ja, hoe oud was hij toen'' jaar oud 

10. HEEFT uw MOEDER OOIT EEN HARTINFARCT GEHAD' 1 D j a 2 D nee 3 D niet bekend 

Zo ja, hoe oud was zij toen'' . . . jaar oud 

11. HEEFT EEN VAN UW BROERS OF ZUSTERS OOIT EEN HARTINFARCT GEHAD'' 

1 D ja 2 D nee 3 α met bekend 

Zo ja, hoe oud was hij/zij toen'' . jaar oud 

. jaar oud 

jaar oud 

jaar oud 

jaar oud 

jaar oud 

12. HEEFT uw VADER SUIKERZIEKTE (GEHAD)? 

Zo ja, op welke leeftijd heeft hij dit 

gekregen? 

13 HEEFT UW MOEDER SUIKERZIEKTE (GEHAD)? 

Zo ja, op welke leeftijd heeft ZIJ dit 

gekregen? 

1 D ja 2 D nee 3 D niet bekend 

..jaar oud 

1 D ja 2 D nee 3 D met bekend 

. jaar oud 

14. HEEFT EEN VAN UW BROERS OF ZUSTERS SUIKERZIEKTE (GEHAD)-' 

1 D ja 2 D nee 3 D met bekend 

Zo ja, op welke leeftijd heeft hij/zij dit gekregen-' . . jaar oud 

. . . jaar oud 

jaar oud 

15 HEEFT UW VADER OOIT EEN BEROERTE GEHAD? 

Zo ja, hoe oud was hij toen'' 

1 D ja 2 D nee 3 D met bekend 

. . . jaar oud 

16 HEEFT uw MOEDER OOIT EEN BEROERTE GEHAD'' 1 Dja 2 D nee 3 D niet bekend 

Zo ja, hoe oud was ZIJ toen? .jaar oud 

17. HEEFT EEN VAN UW BROERS OF ZUSTERS OOIT EEN BEROERTE GEHAD? 

1 D ja 2 D nee 3 D met bekend 

Zo ja, hoe oud was hij/zij toen? jaar oud 

jaar oud 

jaar oud 
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18 HEEFT UW VADER OOIT ANGINA PECTORIS GEHAD' 1 D ja 2 G nee 3 α met bekend 

Zo ja, hoe oud was hij toen' jaar oud 

19 HEEFT UW MOEDER OOIT ANGINA PECTORIS GEHAD' 1 D ja 2 α nee 3 α met bekend 

Zo ja, hoe oud was ZIJ toen' jaar oud 

20 HEEFT EEN VAN UW BROERS OF ZUSTERS OOIT ANGINA PECTORIS GEHAD' 

1 G ja 2 D nee 3 D met bekend 

Zo ja, hoe oud was hij/zij toen' jaar oud 

jaar oud 

jaar oud 

Patiënt-anamnese 

21 BLOEDDRUK 

assistente vraagt Bent u of was u onder behandeling van de huisarts wegens hoge bloeddruk1' 
1 D nee 
2 G nu met, maar vroeger wel 
3 G ja 

zo ja 
1 D wel hoge bloeddruk, geen medicijnen 
2 D wel hoge bloeddruk, gebruikt medicijnen 

welke medicijnen gebruikt u ' 

LICHAMELIJKE ACTIVITEIT 

(VOOR VASTSTELLEN LICHAMELIJKE ACTIVITEIT, ZIE BIJLAGE ) 

22 Lichamelijke aktiviteit op het werk 
1 G gering 
2 G matig 
3 D zwaar 
4 D η v t 

23 Lichamelijke activiteit vrije tijd 
1 G gering 
2 G matig 
3 G zwaar 

24 ROKEN 

rookt patiënt momenteel 1 D ja 2 a nee 
heeft patiënt gerookt 1 G ja 2 a nee 

Indien één van beiden vragen ja (m a w rookt of heeft gerookt) 
rookt(e) patiënt 1 α sigaretten 2 G sigaren 3 G pijp 
rookt(e) patient over de longen 1 α ja 2 a nee 
hoeveel rookt(e) patiënt gemiddeld per dag 

aantal I—1—I (sigaretten) 
aantal I—l—I (sigaren) 

aantal I—I—I (pijp) 

hoeveel jaren heeft u gerookt/rookt u I—I—I jr 
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25 HEBT U EEN SCHILDKLIERZIEKTE? 

1 D nee 

2 G ja 

zo ja, werkt u schildklier 

1 D te traag 

2 D te snel 

3 D weet met 

26 BENT U ONDER BEHANDELING WEGENS SUIKERZIEKTE' 

1 D nee 

2 D ja 

zo ja, sinds wanneer lijdt u aan suikerziekte? Sinds 19 

27 IS HET CHOLESTEROLGEHALTE IN HET BLOED WEL EENS TE HOOG BEVONDEN? 

1 D nee 

2 α ja 

Zo ja, gebruikt u cholesterolverlagende medicijnen? 

1 Dja 
2 D nee 

28. BENT U WEL EENS BIJ EEN DIËTISTE GEWEEST? 

1 D nee 

2 D ja i.v.m. diabetes 1D 

i v.m. overgewicht 2 D 

i.v.m. cholesterol 3 D 

om andere reden of onbekend 4 D 

29 BENT U OOIT IN VERBAND MET ZIEKTEN VAN HART- OF BLOEDVATEN ONDER BEHANDELING 

GEWEEST VAN EEN SPECIALIST ? 

1 D nee 

2 D ja 

Indien ja, weet u nog wanneer? 19. 

ALLEEN VOOR VROUWEN: 

30 GEBRUIKT u DE PIL? 

1 Dja 
2 D nee 

31. MENSTRUEERT υ NOG? 

1 Dja 

2 D nee 

zo nee, op welke leeftijd was uw laatste menstruatie? jr 
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32 UTERUSEXTIRPATIE ONDERGAAN' 

1 Π nee 

2 D ja 

zo ja, op welke leeftijd geopereerd' jr 

33 GEBRUIKT U HORMONEN I V M DE OVERGANG' 

1 G ja 

2 D nee 

TOT SLOT 

34 Hebt u er bezwaar tegen als u over enige tijd (half jaar tot een jaar) nog eenmaal wordt gevraagd 

mee te doen aan een hartonderzoek' Hel onderzoek wat dan wordt uitgevoerd houdt m een 

ECG (hartfilm) en mogelijk een echo van het hart 

1 D ja 

2 D nee 

35 Hebt u er bezwaar tegen om een vragenlijst in te vullen over uw voedingsgewoontes' 

1 D ja 

2 D nee 
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METINGEN BIJ DE PATIËNT 

36. POLSSLAG REGELMATIG? 

1 Π regelmatig 

2 Π onregelmatig 

37. POLSFREKWENTIE' 

38 BLOEDDRUK: 

eerste meting 

tweede meting 

derde meting 

I—I—I—I (slagen per minuut) 

-I—l / l l l I (systolisch/diastolisch) 

I I I I / I I I I (systolisch/diastolisch) 

' I ' ' / ' l ' l (systolisch/diastolisch) 

39. GEWICHT (IN KG) I I I I (kg) 
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Hier komt etiket 

DIAGNOSELIJST VOOR DE HUISARTS. 

Deze lijst wordt bij hermeting bij iedere patient door de huisarts ingevuld. 

40 1 D DEZE PERSOON HEEFT ZEKER GEEN CARDIOVASCULAIRE MORBIDITEIT GEHAD. 

2 D DEZE PERSOON HEEFT MOGELIJK EEN CARDIOVASCULAIRE AANDOENING GEHAD, 

MAAR IK WEET HET NIET ZEKER 

3 D DEZE PERSOON HEEFT EEN CARDIOVASCULAIRE AANDOENING GEHAD, NL · 

1 D hartinfarct Datum (mnd/jr) 

2 D angina pectoris Datum (mnd/jr). 

3 D claudicatio Datum (mnd/jr) 

4 D CVA Datum (mnd/jr) 

5 D TIA Datum (mnd/jr)· 

6 D atriumfibnlleren Datum (mnd/jr)· 

41. GEBRUIKT DEZE PERSOON NU CHOLESTEROL VERLAGENDE MEDICATIE? 

1 G nee 

2 D ja 

HEEFT DEZE PERSOON IN HET VERLEDEN CHOLESTEROL VERLAGENDE MEDICATIE GEBRUIKT·? 

1 G nee 

2 D ja 

Deze lijst is met name bedoeld om mensen, die geen cardiovasculaire morbiditeit hebben gehad, 

te registreren. In twijfelgevallen het tweede item {mogelijk een cardiovasculaire aandoening) 

aankruisen, zodat later naar morbiditeit gezocht kan worden 

Dit formulier svp samen met de vragenlijst terugsturen ' 
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Woord van dank 

Een gewone huisarts die besluit onderzoek te gaan doen. Dat kan natuurlijk niet zonder hulp. 

Deze hulp heb ik van begin tot eind gehad van Henk van den Hoogen. Henk, jij was de initiator 

van dit onderzoek, je was er in 1977 ook al bij. Mede dankzij jouw steun lukte het om alle gege

vens weer boven tafel te krijgen, al hebben we daarvoor wel wat (gezellig) speurwerk moeten 

verrichten. Bij de pastoor, de postbode of op het kerkhof, alle registers werden opengetrokken. 

Ook in het verdere verloop van het onderzoek was jouw steun niet te missen. Mijn dank is 

vanzelfsprekend heel groot, hopelijk kunnen we verder gaan met ons cohort. 

Dank ook aan de begeleidingscommissie. Wil van den Bosch vervulde vele functies in dit 

geheel: eerste promotor, kamergenoot en altijd met huisartsgeneeskundige blik kijkend naar onze 

resultaten. Theo Thien, ik heb veel van je geleerd, in het begin om de hermetingen zo nauwkeurig 

mogelijk uit te voeren, maar ook tijdens het verdere beloop waren je kritische kanttekeningen 

onmisbaar. Chns van Weel, een enkel woord was voor mij soms genoeg om weer een hele andere 

richting in te slaan, je gedachten over de huisartsgeneeskunde zijn voor mij erg inspirerend. Jouw 

Engels is bovendien niet te evenaren. Onno van Schayck heeft in het begin een belangrijke rol 

gespeeld. Onno, bedankt voor alle activiteiten, mijn wetenschappelijke kennis is dankzij jouw 

dinsdagochtend bijeenkomsten beter geworden. Jan van Ree, de 'godfather' van het Nijmeegs 

Interventie Project, het was eigenlijk ook een beetje jouw project, ik hoop datje tevreden bent. 

Paul Deurenberg, het was fijn om weer van je kennis gebruik te kunnen maken, er zit gelukkig 

nog een staartje aan. Wij van Staveren en Anette Satfleu dank ik voor hun hulp bij het onderzoek 

naar de vetinneming. 

Liesbeth Linssen is begonnen met het verwerken van alle data, later is Jan van Doremalen 

daarmee doorgegaan. Jan is tot op het laatst bezig geweest, als ik weer eens iets kwijt was, 

bedankt! Twanny Rauwhorst heeft kordaat meegeholpen alle meetresultaten goed te controleren 

Hans Bor heeft geholpen alle gegevens uit de CMR-praktijken te voorschijn te toveren. Willem 

van Gerwen was er altijd voor allerlei NMP- en andere adviezen en heeft veel gedaan aan het ge

reedmaken van het manuscript, bedankt voor de koffie en de wijn! 

» 
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Alle deelnemers aan het onderzoek ben ik dank verschuldigd en natuurlijk ook de artsen en de 

doktersassistenten uit de onderzoekspraktijken, heel wat uren heb ik bij jullie doorgebracht op 

zoek naar deelnemers en diagnoses. Nardi Denissen, Trees Kemperman, Marjo van Sprundel, 

Bernadette Toonen, Carla Walk, Geme van de Wetenng, Helly Willems, en Netty Zwaans. Geert 

Oerlemans en Mantza Veldstra hebben veel werk verzet bij de uitvoenng van de methodo

logische studies. Peter van Wanrooy en van Boxtel hebben als huisarts in een 'niet-

registratiepraktijk' extra veel werk gehad, bedankt. Het was handig dat ik af en toe een mail kon 

sturen naar Matt Whitney in Amenka om te helpen bij het Engels. 

Onze kamer was en, mag ik hopen, blijft voor mij een veilige haven met een stimu

lerende werksfeer, eerst met Sandra van Duimen, later met Wil van den Bosch, Lineile Deunk, 

Heert Tigchelaar en Evelyn van Weel Ik heb veel steun van jullie ondervonden 

Tot slot... 

Huisarts zijn, onderzoek doen en een goede huisgenoot zijn was wel eens moeilijk, Dorothé, 

ik ben je veel dank verschuldigd, JIJ hebt meestal je geduld bewaard, als ik weer te laat was. 

Lukas: nu op de fiets naar Rome? Nina en Fanny nog één keer: gutta cavat lapidem non vi, set 

saepe cadendo. 
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Ik ben geboren op 17 augustus 1948 in Nijmegen, Berg en Dalseweg 57 Deze straat heeft in 

mijn leven een belangrijke rol gespeeld Na het overlijden van mijn vader in 1955 zijn we 

verhuisd naar nummer 120, tegenover het Camsius College, waar ik in 1967 mijn diploma 

gymnasium ß behaalde Na een 'poging geologie' ben ik 1968 begonnen met geneeskunde In 

1978 heb ik de huisartsopleiding voltooid, waarna het werk begon parttime als huisarts in 

Doesburg, in een van de vier praktijken van de Continue Morbiditeits Registratie (CMR), en 

daarnaast als verpleeghuisarts in Dieren Vanaf 1982, na het vertrek van Ton van der Logt, 

werk ik fulltime als huisarts in Doesburg Van 1983 tot 1987 heb ik meegewerkt aan het 

ONNO-project, Onderzoek Naar Overgewicht, aan de Landbouw Universiteit Wageningen Ik 

ben tot 1989 lid geweest van de Werkgroep Deskundigheidsbevordering Huisartsen Arnhem 

en omstreken In 1993 ben ik een samenwerkingsverband aangegaan met Enk Gelpke en werd 

onze praktijk een duo-praktijk Onze praktijk maakt deel uit van het Netwerk Academische 

Huisartspraktijken Nijmegen, en is als zodanig verbonden aan het Universitair Medisch 

Centrum Sint-Radboud In 1994 werd gestart met de Nijmegen Cohort Study Op dit moment 

ben ik nog een dag per week werkzaam aan de vakgroep Huisartsgeneeskunde in Nijmegen 

met onderzoeks- en onderwijstaken, 

Ik ben getrouwd met Dorothe van Koolwijk Lukas, Nina en Fanny zijn onze kinderen 





Stellingen bij het proefschrift 

Cardiovascular risk factors and subsequent disease 
in general practice 

The Nijmegen Cohort Study 

Jan Carel Bakx 

Nijmegen 14 september 2000 



1. De grootte van de manchet is van ondergeschikt belang, vergeleken met andere factoren 
die de bloeddrukmeting beïnvloeden (dit proefschrift). 

2. Bij gezonde personen van middelbare leeftijd met een lage bloeddruk, is het routinematig 
meten van de bloeddruk onnodig (dit proefschrift). 

3. Bij vrouwen van middelbare leeftijd wordt het optreden van hart- en vaatziekten niet 
voorspeld door de bekende risicofactoren (dit proefschrift). 

4. Omdat verandering in lichaamsgewicht een indicator is voor verandering in het nivo van 
risicofactoren, is het aan te bevelen bij volwassen spreekuur bezoekers het gewicht vast te 
leggen (dit proefschrift) 

5. De diagnose coronairhjden dient te worden overwogen op grond van anamnese en aanvullend 
onderzoek en niet op basis van aan- of afwezigheid van risicofactoren 

6. Wanneer bij een patiënt in de huisartspraktijk een behandeling van risicofactoren wordt 
gestart, is dit in principe levenslang De NHG-Standaarden, die hierop betrekking hebben 
dienen daarom uitsluitend "evidence based" richtlijnen te bevatten. 

7. De diskussie over praktijkondersteuning dient met te worden gevoerd vanuit de gedachte van 
taakverlichting, maar vanuit de wil tot kwaliteitsverbetering. Dat versterkt de positie van de 
huisarts 

8. Gezien de inspanning die huisartsen in Nederland leveren bij de behandeling van 
risicofactoren dient het effect daarvan op de daling van het aantal hart- en vaatziekten 
onderwerp van onderzoek te zijn 

9 Het nut ν an operatieve behandeling ν an letropatellaire chondropathie is niet aangetoond en 

dient derhalve niet plaats te \ inden 

10. Het meten van risicofactoren heeft alleen zin als de persoon in kwestie bereid is de 
consequenties met betrekking tot langdurige behandeling te aanvaarden In andere gevallen 
kan beter worden begonnen met voorlichting over de relatie lussen risicofactoren en ziekte. 



11. Bij controle van hypertensiebehandeling dient de medicatie pas te worden aangepast, als de 
bloeddruk gemeten op tenminste 3 verschillende tijdstippen te hoog is. 

12. Overgewicht is een maatschappelijk probleem, net als files: iedereen vindt dat er wat aan 
gedaan moet worden maar niemand laat er iets voor slaan 

13. Het gevaar van teveel aandacht voor preventie is te weinig aandacht voor de patiënt. 

14. Bij het opsporen van patiënten met een verhoogd risico voor hart- en vaatziekten levert het 
staren naar de navel meer op dan navelstaren. 

15 Het overvloedige aanbod van nascholing over cardiovasculair risico bewijst dat de 
huisartsgeneeskunde niet waardevrij is 

16. De patient rekent de huisdokter vaker af op zijn prognose dan op zijn diagnose (H.G.M, van 
der Velden). 

17 De menselijke geest neigt er van nature toe kritiek uil te oefenen, omdat hij voelt en niet 
omdat hij denkt (Fernando Pessoa) 








