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examined the effect of magnesium on blood pressure. Those reported did not
support a blood pressure lowering effect of magnesium, but studies were
generally small and of short duration. Because of the paucity of data on the effect
of magnesium, we performed a randomized controlled magnesium intervention
study among 91 women with mild to moderate hypertension. The results suggest
that magnesium may be a safe, and effective measure for lowering blood
pressure in women with mild to moderate hypertension. We were not able to
identify clear modifiers of response, including menopausal status, but numbers
in subgroups were small. Future studies should preferably be large enough to
examine possible susceptibility of subgroups, defined a priori.

Elevated serum cholesterol

While the need for therapeutic measures in those with very high levels of serum
cholesterol is generally agreed upon, the need and methods for lowering
moderately elevated levels is controversial. None of the intervention studies on
the cardiovascular effects of cholesterol lowering by dietary measures or by
drugs included women. Nevertheless, a joint statement of the American Heart
Association and the National Heart, Lung, and Blood Institute states that it is
justified to consider the same guidelines appropriate for both men and women.>?
The cardiovascular effects of moderately increased cholesterol levels, however,
are not yet established for women.?? Furthermore, as suggested by the findings
of our study (chapter 3.2), a cholesterol level that is partially explained by a
recent increase, as is the case in postmenopausal women, may not carry the same :
risk as similar levels observed in men. Therefore, it is not appropriate to base
the quidelines for intervention in women on studies performed in men. The
public health importance of this issue is underlined by the relatively high
percentage of women with an elevated cholesterol level according to the current
Dutch Cholesterol Consensus33, as can be derived from the data presented in
chapter 3.2.

Smoking

In the last decades, the percentage of smokers has decreased in men, but not in
women.** Besides, young women have adopted the more intensive smoking
habits of men.*’ Lately, women and the young have become the target of the
tabaccoindustry as ‘replacement smokers’ 38 This points to the need of directing
special attention to smoking behaviour in these groups. The suggestion of
lasting effects of smoking on the blood vessel wall, as observed in our study
(chapter 3.3) underlines the need to stop smoking at an early age.
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Postmenopausal estrogens

The hypothesis that loss of estrogen production with menopause increases
cardiovascular risk in women has led to interest in the potential beneficial effect
of postmenopausal estrogen therapy. Large prospective follow-up studies have
shown a protective effect of postmenopausal estrogen use on the incidence of
coronary heart disease.”” Intervention studies for confirmation of the finding
have not yet been performed. A randomized controlled trial of estrogen therapy
has been suggested to evaluate the potential beneficial effects on cardiovascular
disease and osteoporosis and the potential adverse effects on endometrium
cancer and breast cancer, and to evaluate the effects of addition of progestins.38

New research areas

Measurement of atherosclerosis

In the studies presented in chapter 3, progression of atherosclerosis was
measured by radiographic detection of calcified plaques, which represents
advanced atherosclerosis. Quantification was based on visual examination.
Recent developments in ultrasound techniques have made it possible to measure
early stages of atherosclerosis in peripheral vessels.>**" The accuracy of the
measurement also permits reliable detection of small changes in the vessel wall
over time.*! That atherosclerosis in the peripheral arteries reflects a more
generalized process is supported by the observation of its association with the
presence of atherosclerosis in other vessel beds.*>* In time, it may become
possible to examine the coronary arteries invasively with ultrasound or non-in-
vasively with magnetic resonance. This would enable the study of eatlier stages
of coronary disease than is currently possible with amgiography.44 Furthermore,
the new techniques will make it possible to specificy of the type of lesion and
to study its determinants and predictive value.*

The use of the measurement of atherosclerosis in observational and experi-
mental studies requires increased research activity at ahigherlevel, as illustrated
in figure 5.2: in order to estimate the clinical relevance of observed vessel wall
changes, the relation between these changes and the occurrence of cardiovascu-
lar events needs to be quantified. Concurrently, the presence of atherosclerosis
in peripheral vessels may itself be considered as a cardiovascular risk factor, as
discussed for aortic atherosclerosis in chapter 2. This upward movement in the
determination of the risk factor, however, should not be accompanied by an
upward movement of the point of application of primary intervention, which

* In the studies presented in this thesis calcified plaques were viewed as an advanced
stage of atherosclerosis, the etiology of which was not considered to be different from
that of earlier stages of disease. It is conceivable, however, that advanced lesions or the
calcification per se has its own determinants.
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would mean increased intervention by pharmacological treatment. When the
risk factor is associated with mild or moderately elevated risks of cardiovascular
disease, the benefits of pharmacological treatment may not outweigh the harm
caused by potential side-effects. The research activity, therefore, should also go
downwards: as discussed by Rose, we should search for and intervene on the
causes of causes.*’

Another research area that is also developing rapidly and shows much
promise is that of hemostasis. Hemostatic factors trigger the event in vessels
already affected by atherosclerosis, but may also be involved in the process of
atherosclerosis.* Attention for the predictive value of hemostatic factors and
its determinants is growing among epidemiologists, supported by the develop-
ment of reliable biochemical assays.47 Finally, the expected reduction in risk of
cardiovascular disease will probably improve when the effects of intervention
on atherosclerosis and thrombosis can be examined. However, when a drug or
non-pharmacological measure for a common risk factor is concerned for which
relatively large parts of the population might possibly be indicated, intervention
studies with the cardiovascular event as outcome, besides other disease end-
points and total mortality, will probably always be nessecary.

Future studies in women

Many questions are still unanswered with respect to the effects of conventional
risk factors in women. What are the causes of the rise in blood pressure and
serum cholesterol in women after middle-age? What are the determinants and
cardiovasculareffects of isolated systolic hypertension and why is this condition
more prevalent in older women than in older men? Is the association of
cholesterol with cardiovascular disease in women a threshold relationship?
Does the rise in cholesterol in women after middle-age contribute to the risk of
cardiovascular disease? What are the relative importances of HDL cholesterol,
triglycerides and other lipids in women? What will happen with the cardiovascu-
lar risk associated with smoking in women, now young women have adopted
the smoking habits of men? Is part of the cardiovascular risk associated with
smoking in women explained by an anti-estrogenic effect, and will body fat
protect against these effects in postmenopausal women?

Besides the conventional risk factors other potential determinants of car-
diovascular disease have recently received attention. Insuline resistance has
been put forward as a potentially important risk factor.*® Diabetes mellitus is
the only risk factor whose relative effect is stronger in women than in men,
which may give information about the causes of the female protection for
cardiovascular disease.*’ Insuline resistance has been found to cluster with
elevated blood pressure and lipid abnormalities.*® Abdominal obesity and
increased levels of serum androgens in women have been suggested to be
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associated with the several of these risk factors® ", but the biological mecha-
nisms underlying the associations need further investigation. In general, studies
in women will benefit from the opportunity of non-invasive measurement of
atherosclerosis because accurate risk assessment will no longer be hampered by
low rates of cardiovascular events.

The non-invasive measurement of atherosclerosis allows to follow the course
of atherosclerosis during specific periods in life. One of the interesting points
in time is the menopause, of which the cardiovascular effects are still relatively
unknown. As discussed in the previous paragraph, our cross-sectional study
suggested an increased rate of progression of atherosclerotic lesions in women
after the menopause. The best approach for further study would be to follow
women throughout the years of menopause and to examine the changes in
cardiovascular risk factors in relation to progression of atherosclerosis.

Finally, as discussed above, the effects of postmenopausal estrogens need
further investigation. Examination of the effects of different combinations of
estrogen and progestin on progression of atherosclerosis enables selection of
the most promising agents to be tested in large trials on cardiovascular events.
The ultrasound technique may also allow evaluation of the potential direct
effects of estrogen on the vessel wa1152, which have received little attention to
date. Estrogen replacement therapy should not be considered as the only means
for prevention of the potential effects of estrogen loss. When biological changes
occurring at the menopause and their cardiovascular effects can be detected,
preventive measures could be directed towards these factors.
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6. General Discussion I1

Methodological Considerations

Introduction

It has been proposed that progress in the understanding of the epidemiology of
diseases depends to a large degree on the incorporation of new leads and
methods from other disciplines in epidemiologic research.! The enthusiasm
shared by epidemiologists for recently developed methods for non-invasive
assessment of the process of atherosclerosis supports this view.? Large follow-
up studies have been started in which atherosclerosis in peripheral vessels rather
than its cardiac or cerebral sequelae is a major outcome variable.>* This shift
from research into the determinants of the final event to a search for determi-
nants of the underlying process of the disease, is likely to have implications for
the design as well as for the analysis of epidemiological studies.

Epidemiology has been defined as the study of the distribution and determi-
nants of disease frequency in human populat:ions.5 This definition is still
applicable in the study of a disease process. The object of research than becomes
the change in disease status over time as it relates to determinants and the
distribution of changes in populations.6 Nevertheless, the current methods and
practice in epidemiological research are primarily based on the all-or-none
outcome of disease. The move from epidemiology of infectious diseases to
epidemiology of chronic diseases, though accompanied by increased attention
for the latency period, did not change the measure of the outcome as an
all-or-none event. The disease process as outcome variable has two charac-
teristics, its time component (status or change) and its measurement scale.
Consequences of these features for study design and data analysis are discussed
below.

Design considerations

Textbooks on epidemiology distinguish follow-up, case-control and cross-
sectional studies. In this, the case-control study can be viewed as an efficient
alternative to following up a complete population yielding essentially similar
information.® In the study of the disease process, which will generally require
the follow-up of the whole population, the efficient case-control study is no
longer an option. The study of the disease process is not quite analogous to the
study of incidence in cohorts. In the latter, the events occur within the follow-up
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period. In the study of the process of disease, realizations at the end of the period
are examined instead of events within it.®

Pre-disease exposure information

One of the major advantages of the follow-up study has been described by
Breslow and Day as "the availability of pre-disease information on biological
variables".’ Although the possibility that levels of exposure may be influenced
by a preclinical disease state is acknowledged, this possibility is usually not
given extensive consideration. The potential difficulties with the interpretation
of the order of exposure and disease may be more easily recognized in the study
of the disease process: in chronic diseases, like atherosclerosis, a pre-existing
state of the disease at baseline is often present. If the pre-existing state of disease
is a major determinant of its further development, interpretation of the observed
association between baseline exposure and progression of disease is not straight-
forward. Three different situations are given below.

First, the pre-existing state of disease may be determined by lifetime accu-
mulated exposure. If the baseline level of exposure is associated with lifetime
accumulated exposure, an observed association of baseline exposure with
subsequent progression of disease may reflect the effect of accumulated expo-
sure rather than the effect of baseline exposure level. For example, the level of
atherosclerosis at age 65 may be determined by lifetime cholesterol exposure.
In the situation that a) the level of cholesterol at age 65 is associated with lifetime
cholesterol exposure and 2) the baseline level of atherosclerosis is an inde-
pendent determinant of subsequent atherosclerotic progression, an observed
association between baseline cholesterol level and progression of athero-
sclerosis might be spurious. The change in cholesterol may have a weaker
association with lifetime exposure than baseline cholesterol level. This may in
part explain why the relation of atherosclerotic progression with change in
cholesterol was much weaker as compared to the relation with baseline
cholesterol level (chapter 3.2).

Second, when the pre-existing state of disease affects the level of the
exposure, the observed relation between baseline exposure and progression of
disease may not be causal. For example, systolic blood pressure may increase
the rate of atherosclerotic progression and atherosclerosis may elevate systolic
blood pressure. The association between systolic blood pressure and subsequent
progression of atherosclerosis is therefore still difficult to interpret (chapter 3.1).
Adjustment for baseline level of disease would address this problem. However,
adequate adjustment may not always be possible because of a limited sensitivity
of the measurement technique for the detection of early stages of disease.
Besides, adjustment for baseline level may introduce spurious results. This is
described below with respect to change in the determinant (paragraph 6.4), but
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also applies to change in the outcome variable. The problem will be less,
however, when the variable measured is relatively stable, which probably holds
for atherosclerosis.

A special situation exists when the effects of exposure on disease and vice
versa have opposite signs. For example, diastolic blood pressure may increase
the rate of atherosclerotic progression, while the presence of atherosclerosis
may decrease the diastolic blood pressure. In this situation, it may be possible
to disentangle the two effects, as is illustrated by our interpretation of the
observed J-shaped relationship between baseline diastolic blood pressure and
atherosclerotic progression (chapter 3.1). Because baseline blood pressure level
results from both short-term and long-term experiences, the relation between
change in diastolic blood pressure and progression of atherosclerosis may give
even more information.

In conclusion, a careful interpretation of the data with respect to cause and
effect relationships is warranted, even when the baseline level of the exposure
is related to subsequent progression of disease.

Status versus change

The advantages of the use of incidence above prevalence of disease as the study
outcome have been well described.®® Although there is some analogy of this
with the use of status versus change or progression of disease, it cannot be hold
that the study of change or progression is to be preferred in all situations above
the study of disease status. The latter is preferred in the case of a stable,
chronically active determinant presumed to have a cumulative effect.® For
example, in the described study of smoking and atherosclerosis the interpreta-
tion would probably not have been different if we had examined the association
between cigarette smoking and baseline atherosclerotic status in stead of the
association with 9-year progression of atherosclerosis (chapter 3.3). In fact, the
former analysis resulted in similar effect estimates. When the disease affects
the determinant, as in the examples of blood pressure given above, the relation
of baseline exposure with change or progression is preferred because of its
longitudinal character, but difficulties with the interpretion may still be present,
as discussed previously.

Data analysis

Measures of association and statistical analysis

The options and properties of the measures of association in the study of event
rates are well described, yet little attention has so far been given to the approach
when other types of outcome are studied. The disease process can be evaluated
using a status or a change variable. Both can be measured on a nominal (e.g.
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all-or-none), ordinal or interval scale. Implications for data analysis and meas-
ures of association of these different types of outcomes are described below.

THE OUTCOME AS A DICHOTOMOUS VARIABLE

For a dichotomous variable (e.g an all-or-none outcome), the absolute and
relative risk are the primary measures of effect in epidemiological studies. Their
merits are given by their intelligibility. They quantify the relative of absolute
increase in risk per unit change in the determinant. The statistical analysis and
interpretation of the model parameters in the study of a disease process, even
when dichotomized, may not be similar to that in a study of rare diseases.
Implications for the relative risk are given as an example.

The use of the odds-ratio to approximate the relative risk, enables us to use
the binomial logistic regression model for multivariate analyses. One condition
for the odds-ratio to approximate the relative risk is that the rate of disease is
relatively low.> This has been the case for most of the chronic diseases studied
to date, but for disease processes, broken into two categories (e.g. progression
versus no progresson) relatively high rates will be common. In this case the
logistic regression analysis still provides a valid estimate of the odds-ratio but
will overestimate the corresponding relative risk. An alternative model that
directly estimates the relative risk has been described in chapter 3.3, but
limitations of this model have been given.

The percentage of subjects with disease in a high risk category can not exceed
100. Therefore, the relative risk becomes dependent on the prevalence or
incidence of the disease when the latter are relatively high, as will be common
in the study of a disease process. The relative risk estimates will therefore no
longer be in the range that we are used to when studying rare chronic disease
events. Furthermore, as will become clear in the next paragraph, if the risk factor
affects disease progression, it will generally be true that the further down the
scale the cut-off is positioned, the stronger the risk estimate will be. Because
the choice of the cut-off level may be more dependent of subjective matters and
sensitivity of the measurement techniques, than of well described characteristics
of the disease process itself, comparison of the size of the risk estimates between
studies will become difficult.

THE OUTCOME ON AN ORDINAL SCALE

When the outcome is measured on an ordinal scale, we might want to use
ordered outcome categories to increase the use of information present in the
data. Analyses of this type have been performed by epidemiologists by forming
dichotomies between groups of categories in various combinations.'® The use
of logistic regression when the dependent variable has more than two categories
(polytomous logistic regression) has long not been possible for epidemiologists
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Plaques
No Fibrous Complicated
Non smokers 100 10 10
Smokers 90 10 20

Figure 6.1. The presence of atherosclerotic plaques by smoking status

using standard statistical packages. Some options recently appeared in a new
module of BMDP.!! Interpretation of the model parameters, however, has yet
received little formal attention in epidemiological research. One may consider
a hypothetical example of smoking and the prevalence of the mild form of
atherosclerotic disease, predominantly fibrous plaques, and the severe form of
the disease, predominantly complicated plaques (figure 6.1).

At first glance the conclusion would be that smoking has only a weak
association with the presence of fibrous plaques. Further insight in the structure
of the data shows that this might not be the case. When smoking increases
disease progression from fibrous to complicated plaques, an effect on fibrous
plaques is masked by the shift of subjects out of this category into the category
of complicated plaques. When the severe form of the disease develops via the
mild form of disease, the best way to interpret the data is to first combine all
disease categories within strata of the exposure and to estimate the ratio of total
number of cases and total number of subjects per stratum. When these ratio’s
differ between exposure groups, the exposure is related to the occurrence of the
initial stage of disease. Subsequently, the ratio of cases with severe disease and
total number of cases should be calculated. If these ratio’s differ between
exposure categories, the exposure affects disease progression from the mild to
severe form.

In summary, when the outcome is studied on an ordinal scale, the data
structure becomes more complex. The data will often be compatible with many
underlying processes, the credibility of which may no longer be judged upon
by current biological knowledge. Care should therefore be taken with the
interpretation of these data.

THE OUTCOME ON A QUANTITATIVE SCALE

When the disease process can be measured on a quantitative scale, linear
regression analysis can be used. The measures of association, derived from this
model, and their interpretation have been described extensively.6
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Measurement of the determinant

As discussed above, the study of change requires all subjects to be measured at
the beginning and the end of the follow-up period. Besides data on change in
the outcome variable, this may provide data on change in the determinant.
Analyses of change in the determinant have been reported as early as 1966,
when enough data were collected by the Framingham Study to examine changes
in the determinant in relation to the occurrence of cardiovascular disease.'
Subsequently, more studies on change in determinants have been reported.15
Results of these studies have in general been rather disappointing and only few
research papers gave formal attention to its analysis. 16-18

One of the first problems that has been tried to encounter in the analysis of
change is the regression towards the mean effect. The method that has been used
to handle this phenomenon is that of residual change. In this, the observed
change is corrected for initial level by regressing the follow-up level at the
baseline level and the residuals from such a regression model are used as the
measure of change.16 This is comparable to inclusion of the baseline value in
the regression model. However, it has been pointed out that this may lead to
spurious results, referred to as Lord’ s paradox. Its principle has been described
for the study of determinants of change, but holds in a similar way for the study
of change as a determinant of disease: "If, for example, in a study on weight
change men and women would have a different initial weight, adjustment for
initial level would amount to comparing over-weight women with under-weight
men. These are expected to experience a different weight change because they
tend to regress to their own population mean, and not to the mean weight of the
combined population of men and women. As a consequence, men and women
may seem to experience a different change in weight through the adjustment for
initial level whereas in reality, the average weight change for men and women
is the same".!3 Stratification for baseline level will give spurious results in a
similar manner. At present, unadjusted analysis are probably most appropriate
in observational studies.'® Therefore, in the investigations of change in blood
pressure and change in cholesterol in relation to progression of atherosclerosis
(chapters 3.1 and 3.2), no adjustments for baseline level of the risk factor were
made.

Regression to the mean is not the only concern when one studies change. The
change in the determinant may be related to the level of the baseline variable
by a phenomenon referred to as horse racing, which results in a positive relation
between baseline level and change. On the other hand subjects who so far
experienced little change may catch up, resulting in a negative relation between
baseline level and change. As an example of the latter one may consider the
increase in cholesterol in women after middle age. If biology determines that
the majority of women will have an increase in cholesterol sooner or later after
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middle age (e.g. because they will all experience a loss of estrogen production),
those with a low baseline level of cholesterol might be expected to experience
a relatively large change in cholesterol during follow-up. At present, there is
probably no good way of dealing properly with the correlation between baseline
level and change in data analysis.

Conclusions

The study of the disease process in epidemiology requires reconsideration of
aspects of study design and data analysis. New statistical models, developed in
other disciplines, will probably be introduced in epidemiological research.
However, formal attention should be given to the interpretation of the parame-
ters obtained from these models and potential pitfalls. Furthermore, more formal
attention should be given to the consequences of the correlation between level
and change of the studied variables for data analysis.
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SUMMARY






7. Summary

Cardiovascular disease is generally considered to be a disorder of men. One
reason for this is the low incidence of the disease in women at younger age. At
older age, however, cardiovascular disease also becomes the most important
cause of mortality in women. The main objective of the work presented in this
thesis was to study the determinants of cardiovascular risk in women.

Atherosclerosis is the major underlying process of cardiovascular disease. In
the studies presented in this thesis, the presence of calcified plaques in the aorta
as seen on radiographs was used as a measure of atherosclerosis. Data of two
studies were used to examine whether aortic calcification reflects a generalized
process. One was the EPOZ study, a population-based study on risk factors for
chronic diseases, conducted in 1975-1978 in the Dutch town of Zoetermeer.
Lateral X-rays of the lumbar spine were made in all participants, aged 45 years
and over (1,359 men and 1,598 women). On these, the presence of calcified
plaques in the abdominal aorta was scored. The prevalence of aortic calcification
was about 10% in middle-aged subjects, and rose with age to a maximum of
45% in men and 75% in women. The presence of aortic calcification in men
under the age of 65 years was associated with an increased risk of cardiovascular
mortality during nine years of follow-up. A tendency for an increased risk was
observed among older women; the number of deaths in middle-aged women
was too small for analysis (chapter 2.1). The relation between the presence of
calcified plaques in the thoracic aorta, as detected on chest X-rays, and the
development of cardiovascular disease was examined using data of twelve years
of follow-up of the Framingham cohort (2,336 men and 2,873 women). The
presence of calcified plaques doubled the risk of cardiovascular death in men
and women younger than age 65. Similar increases in risk were found for
coronary artery disease, stroke and intermittent claudication among middle-
aged women. Among middle-aged men these risks were less clear. (chapter
2.2).

The research questions in the study of cardiovascular disease in women were:
(1) Do the recognized risk factors (elevated blood pressure, elevated serum
cholesterol and cigarette smoking) predict progression of atherosclerosis in
women? (2) Are characteristics unique to women related to progression of
atherosclerosis? To address the first question, we used data on progression of
aortic atherosclerosis of 855 women, initially aged 45 to 64 years. The women
had participated in the EPOZ study and were re-examined after nine years. At
follow-up, mild and advanced progression of atherosclerosis could be demon-
strated in 20 and 17 percent of women, respectively.
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Moderately elevated and high levels of systolic and diastolic blood pressure
were associated with an increased risk of atherosclerotic progression. This
suggests that elevations of both systolic and diastolic blood pressure prior to the
development of sustained hypertension may promote the atherosclerotic
process. In addition, a low diastolic pressure was associated with increased
progression of atherosclerosis, which may reflect the presence of a hardened
vessel wall (chapter 3.1).

The risk of atherosclerotic progression increased with increasing baseline
cholesterol at levels beyond 6.0 mmol/l. This suggests that also moderately
elevated levels of cholesterol are atherogenic in women. During follow-up,
cholesterol rose on average by 0.11 mmol/1 per year. The rise in cholesterol was
associated with only a borderline significant increased risk of mild progression;
no association was seen with advanced progression. Whether the rise in
cholesterol in women after middle-age contributes to the risk of cardiovascular
disease remains to be proven (chapter 3.2).

Cigarette smoking was associated with an increased risk of progression of
atherosclerosis in a dose-dependent manner. Among former smokers the risk of
progression decreased with increasing duration of stopping but a significant
excess risk was still observed after five to ten years since quitting. The findings
suggest that cigarette smoking, besides acute effects, may also have prolonged
effects on the arterial wall (chapter 3.3). The risks associated with the three risk
factors were independent of each other and none of the effects required a critical
level of another risk factor.

Of risk factors unique to women, menopause has received much attention,
but its cardiovascular effects are still unproven. The association between
menopausal state and aortic atherosclerosis was examined cross-sectionally
among 294 premenopausal and 319 postmenopausal women, who participated
in the EPOZ study. After adjustment for age, women with a natural menopause
and women who had had a bilateral oophorectomy had a strongly increased risk
of atherosclerosis compared to premenopausal women. These findings suggest
anincreased risk of atherosclerosis in women after the menopause (chapter 3.4).

One possibility for intervention on risk factors is to promote dietary change.
We prospectively examined the relation of various nutritional factors with the
incidence of self-reported hypertension among 58,218 US female registered
nurses, aged 34 to 59 years (chapter 4.1). During 4 years of follow-up, 3,275
women reported a diagnosis of hypertension. Relative weight and alcohol
consumption were the strongest predictors of the development of hypertension.
Alcohol consumption of up to 20 g/day (less than 2 glasses) did not increase the
risk of hypertension, but beyond this level the risk increased progressively
(chapter4.2). Dietary calcium and magnesium were the only nutrients that were
inversely related with risk of hypertension. Whether a change in intake of these
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nutrients results in a change in blood pressure needs to be investigated in
intervention studies.

A review of the results of reported calcium and magnesium intervention
studies has been given in chapter4.3. The results of calcium intervention studies
are not unanimously supportive of a blood pressure lowering effect of calcium.
This may be due to a possible heterogeneity in response, as observed in some
of the studies. Few placebo controlled studies examined the effect of magnesium
on blood pressure. Those reported did not support a blood pressure lowering
effect of magnesium, but studies were generally small and of short duration. For
this reason, the effect of magnesium supplementation (rnagnesium-aspartate-
HCT) on blood pressure was examined in a randomized controlled trial among
91 women with mild to moderate hypertension, who were not receiving anti-
hypertensive medication. Subjects received magnesium powders (20 mmol
Mg/day) or matched placebo for a period of 6 months. At the end of the study,
systolic blood pressure had fallen by 2.7 mmHg (95% confidence interval -1.2
to 6.7) and diastolic blood pressure by 3.4 mmHg (1.3 to 5.6) more in the
magnesium group than in the placebo group. The results suggest that magne-
sium-aspartate-HCI may be a safe and effective measure for lowering blood
pressure in women with mild to moderate hypertension. We were not able to
clearly identify modifiers of response, but numbers in subgroups were small
(Chapter 4.4).

In chapter 5 the findings of the presented studies are placed in the broader
context of research directed towards primary prevention of cardiovascular
disease. Subsequently, new research areas are delineated. Chapter 6 discusses
the methodological implications when future research activity shifts from the
search for determinants of the final event to the search for determinants of the
underlying process of the disease.
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Samenvatting

Hart- en vaatziekten worden over het algemeen beschouwd als een ziekte van
mannen. Dit komt voornamelijk doordat weinig vrouwen de ziekte ontwikkelen
op jonge leeftijd. Op oudere leeftijd, echter, zijn hart- en vaatziekten ook voor
vrouwen de belangrijkste doodsoorzaak. Het voornaamste doel van de onder-
zoeken beschreven in dit proefschrift was het bestuderen van de determinanten
van hart- en vaatziekten bij vrouwen.

Het proces dat aan het optreden van hart- en vaatziekten ten grondslag ligt is
atherosclerose. In de beschreven onderzoeken werden radiologisch vastgestelde
verkalkingen in de aorta gebruikt als maat voor atherosclerose. Of athero-
sclerose in de aorta samengaat met atherosclerose in overige delen van het
vaatstelsel werd nagegaan door het verband te bestuderen met het optreden van
hart- en vaatziekten. In een onderzoek naar chronische ziekten dat werd
uitgevoerd bij bewoners van Zoetermeer (EPOZ onderzoek) werden zijdelingse
rontgenfoto’s van de lumbale wervelkolom gemaakt bij alle deelnemers van 45
jaar en ouder (1.359 mannen en 1.598 vrouwen). Op deze foto’s werden
verkalkingen in de abdominale aorta gescoord. De prevalentie van aorta ver-
kalking was ongeveer 10% op middelbare leeftijd en steeg met het toenemen
van de leeftijd tot een maximum van 45% bij mannen en 75% bij vrouwen. Bij
mannen onder de 65 jaar met aorta verkalking werd een verhoogde sterfte aan
hart- en vaatziekten gevonden gedurende een vervolgperiode van negen jaar.
Eenzelfde tendens werd gevonden bij oudere vrouwen; het aantal sterfgevallen
onder vrouwen van middelbare leeftijd was te klein voor analyse van de
gegevens (hoofdstuk 2.1).

Het verband tussen de aanwezigheid van verkalkingen in de thoracale aorta,
gescoord op een voorachterwaartse thoraxfoto, en het optreden van hart- en
vaatziekten werd bestudeerd in de Framingham Heart Study (2.336 mannen en
2.873 vrouwen). De aanwezigheid van aorta verkalking bij mannen en vrouwen
jonger dan 65 jaar verdubbelde het risico op sterfte aan hart- en vaatziekten
tijdens een vervolg periode van 12 jaar. Vergelijkbare verhogingen van het
risico werden gevonden voor coronaire hartziekte, beroerte en claudicatio
intermittens bij vrouwen van middelbare leeftijd. Bij mannen van middelbare
leeftijd waren deze verbanden minder duidelijk (hoofdstuk 2.2).

De vragen die gesteld werden in het onderzoek naar hart- en vaatziekten bij
vrouwen waren: (1) zijn de bekende risicofactoren (verhoogde bloeddruk,
verhoogd serum cholesterol gehalte en roken) gerelateerd aan progressie van
atherosclerose bij vrouwen? (2) zijn karakteristicken die uniek zijn voor
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vrouwen gerelateerd aan progressie van atherosclerose? De eerste vraag werd
onderzocht bij 855 vrouwen van 45 tot 64 jaar. De vrouwen hadden deelgeno-
men aan het EPOZ onderzoek in 1975-1978 en namen negen jaar later deel aan
een vervolgonderzoek. Tijdens de vervolgmeting werd bij 20% van de vrouwen
milde- en bij 17% matig tot ernstige progressie van atherosclerose in de aorta
vastgesteld.

Een positief verband werd gevonden tussen matig verhoogde en hoge niveaus
van de systolische en diastolische bloeddruk en het risico op progressie van
atherosclerose. Deze bevinding suggereert dat verhoging van de systolische en
diastolische bloeddruk v66r de ontwikkeling van hypertensie al een effect heeft
op de vaatwand. Een lage diastolische bloeddruk was ook geassocieerd met een
verhoogd risico op progressie van atherosclerose, wat mogelijk een effect van
vaatwand verharding op de diastolische druk reflecteert (hoofdstuk 3.1).

Het risico op progressie van atherosclerose nam toe met het toenemen van
het serum cholesterol gehalte vanaf 6.0 mmol/l. Dit betekent dat ook een matig
verhoogd niveau van cholesterol atherogeen is bij vrouwen. Gedurende de
vervolg periode steeg het cholesterol gehalte met gemiddeld 0.1 mmol/l per jaar.
De stijging van het cholesterol gehalte had slechts een zwak verband met
progressie van atherosclerose (hoofdstuk 3.2).

Het aantal gerookte sigaretten vertoonde een positief verband met het risico
op progressie van atherosclerose. Bij vrouwen die gestopt waren met roken nam
het risico op progressie van atherosclerose af naarmate de duur van de gestopte
periode langer was, maar een statistisch significant verhoogd risico was na vijf
tot tien nog steeds aanwezig. Dit wijst erop dat het roken van sigaretten, naast
acute effecten, ook een langdurig effect op de vaatwand kan hebben (hoofdstuk
3.3). De effecten van verhoogde bloeddruk, verhoogd serum cholesterol en
roken op progressie van atherosclerose waren onafhankelijk van elkaar.

Dat het optreden van de menopauze het risico op hart- en vaatziekten
verhoogt wordt verondersteld maar tot op heden is dit nog niet aangetoond. Het
verband tussen menopauzale status en atherosclerose in de aorta werd onder-
zocht bij 294 premenopauzale en 319 postmenopauzale vrouwen van 45 tot 55
jaar die in 1975-1978 deelnamen aan het EPOZ onderzoek. Vrouwen met een
natuurlijke menopauze en vrouwen met een tweezijdige ovariéctomie hadden
een verhoogd risico op atherosclerose vergeleken met premenopauzale
vrouwen, na correctie voor verschillen in leeftijd. Dit wijst erop dat na de
menopauze het proces van atherosclerose wordt versneld (hoofdstuk 3.4).

Eén van de mogelijkheden voor het beinvioeden van risicofactoren is het
bevorderen van veranderingen in de voeding. Het verband tussen verschillende
voedingsfactoren en het optreden van hypertensie werd onderzocht bij 58.218
Amerikaanse verpleegsters van 34 tot 59 jaar (hoofdstuk 4.1). Gedurende een
vervolgperiode van vier jaar rapporteerden 3.275 vrouwen een diagnose van
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hypertensie. Lichaamsgewicht en alcohol consumptie waren het sterkst
gerelateerd aan het optreden van hypertensie. Alcohol consumptie tot 20 gram
per dag (minder dan 2 glazen) had geen effect, maar bij een hogere consumptie
nam het risico op hypertensie progressief toe (hoofdstuk 4.2). Calcium en
magnesium waren de enige nutriénten die invers gerelateerd waren aan het risico
op hypertensie. Of een verandering in de inneming van deze nutriénten resulteert
in een verandering in de bloeddruk dient te worden onderzocht in interventie
onderzoek.

Hoofdstuk 4.3 geeft een overzicht van de resultaten van gerapporteerde
calcium en magnesium interventie studies. De resultaten van calcium inter-
ventie studies zijn niet unaniem ondersteunend voor het bestaan van een
bloeddruk verlagend effect van calcium. Mogelijk komt dit doordat slechts een
deel van de personen met een hoge bloeddruk gevoelig is voor verhoging van
de calcium inneming, zoals in een aantal onderzoeken werd aangetoond. Weinig
placebo-gecontroleerde interventie studies onderzochten het effect van magne-
sium toediening op de bloeddruk. In de meeste van de tot op heden gerappor-
teerde onderzoeken werd geen effect van magnesium op de bloeddruk gevon-
den, maar de studies waren over het algemeen klein en hadden een korte
interventie periode. Om deze reden werd het effect van magnesium suppletie
(magnesium aspartaat-HCl) bestudeerd in een dubbelblind placebo-gecon-
troleerde trial bij 91 vrouwen met milde tot matige hypertensie die geen
bloeddrukverlagende medicijnen gebruikten. De vrouwen kregen gedurende 6
maanden magnesium poeders (20 mmol Mg/dag) of gematchte placebo. Op het
einde van de studie was de systolische bloeddruk 2.7 mmHg (95% betrouw-
baarheids interval -1.2 tot 6.7) en de diastolische bloeddruk 3.4 mmHg (1.3 tot
5.6) meer gedaald in de magnesium groep dan in de placebo groep. Deze
bevinding wijst erop dat magnesium aspartaat-HCl mogelijk een effectief
middel is voor het verlagen van de bloeddruk bij vrouwen met milde tot matige
hypertensie die geen bloeddrukverlagende medicijnen gebruiken (hoofdstuk
4.4).

In hoofdstuk 5 worden de bevindingen van de beschreven onderzoeken
geplaatst in de bredere context van onderzoek dat zich richt op de primaire
preventie van hart- en vaatziekten. Vervolgens worden een aantal nieuwe
onderzoeksgebieden aangegeven. In hoofdstuk 6 worden methodologische
problemen besproken die ontstaan wanneer epidemiologisch onderzoek zich
richt op het bestuderen van determinanten van het onderliggende ziekte proces
in plaats van determinanten van het optreden van de eindpunten van de ziekte.
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