








































































































































































































































































































































































General discussion 

on cardiovascular disease. 69 Many randomized controlled trials on effects of hor­

mone suppletion on cardiovascular disease risk factors have been conducted, of 

which the Postmenopausal Estrogen/Progestin Interventions (PEP!) Trial is one 

of the largest and most famous. 70 The most consistent reported findings of these 

trials were favorable effects of hormone suppletion on the lipid profile. In the 

Romeo trial (chapter 3.3), we found that hormone replacement therapy is associ­

ated with a small decrease in homocysteine levels in perimenopausal women. 

Contrary to the expectation of most, however, the first randomized trials 

on secondary prevention of coronary heart disease, the Heart and Estrogen! 

Progestin Replacement Study (HERS), 71 or coronary atherosclerosis, the Estro­

gen Replacement and Atherosclerosis trial (ERA),72 did not show cardioprotec­

tive effects of hormone replacement therapy. Results of these trials may indicate 

that the bias in observational studies is larger than thought nntil now. The dis­

crepancy with the results from observational studies may also be due to the 

fact that the cardiovascular benefits may emerge only after several years of 

hormone replacement therapy. 71 ·
73 Therefore, subjects susceptible to adverse 

atherothrombotic effects of hormone replacement therapy are not detected in 

observational studies. Furthermore, in the HERS71 and ERA72 progestins were 

part of the therapy regimens, whereas results from observational studies are 

mainly based on the use of unopposed estrogen, which may exert stronger 

cardiovascular protective effects as supported by results from a recently con­

ducted trial. 74 Also, the HERS71 and ERA" were conducted in women with docu­

mented coronary heart disease and hormone replacement therapy was initiated 

late, an average of 20 years after the cessation of menses. It can therefore not be 

ruled out that hormone replacement therapy is effective in preventing the devel­

opment of atherosclerotic disease. Final answers have to come from primary 

prevention trials that are currently being carried out. 75
•
76 The data available up 

to date do not justify the initiation of use of hormone replacement therapy for 

the secondary prevention of cardiovascular disease. 77 

Hormone replacement therapy: health effects 

Hormone replacement therapy relieves postmenopausal vasomotor and genito­

urinary symptoms. 78-80 Long-term use of postmenopausal hormone therapy is 

advocated for prevention of disease and prolongation of life. Next to potential 

effects on the occurrence of cardiovascular disease, the effects on other disease 

outcomes such as potential favorable effects on the prevention of fractures 81•82 

and adverse effects on breast cancer-83 have to be taken into account when esti­

mating the health effects of long-term postmenopausal hormone replacement 

therapy use. Using effect estimates of hormone replacement therapy from obser­

vational studies (a protective effect on cardiovascular disease, a favorable effect 
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on the prevention of fractures, and an adverse effect on breast cancer) Dutch 

women from the general population are expected to achieve only a modest gain 

in life expectancy by using hormones for 10 or 20 years following menopause.84 

The potential gain in life expectancy to be achieved by postmenopausal hor­

mone therapy use is modest because of the low incidence of coronary heart dis­

ease and hip fracture in relation to the relatively high incidence of breast cancer 

in Dutch women in the first 2 decades following menopause. 84 Among Ameri­

can women, the lifetime use of hormones is expected to exert a more favor­

able, albeit still limited, effect. 67 The different findings in Dutch and American 

women arise from differences in relative frequencies of cardiovascular disease 

and breast cancer in the Dutch and American population. 8'3 In the described mod­

eling studies, 67
•
84 no data on potential effects of hormone replacement therapy 

on dementia86•
87 and colon cancer88 are incorporated. If these diseases tum out 

to be favorably affected by hormone replacement therapy, the answer to the 

question whether or not treating women with hormone replacement on a long­

term basis has favorable health effects may sound more positive. However, even 

then many questions, such as what is the optimal age to start therapy and how 

long should treatment be continued, will be left unanswered. 

Honnone replacement therapy: androgens 

Androgen therapy is considered to be an attractive treatment modality to poten­

tially benefit psychological well being, body composition, and strength in the 

elderly. 89·91 Inclusion of androgens in postmenopausal hormone replacement reg­

imens is not uncommon and is likely to become more widespread.92 Until now, 

however, no data are available on its long-term effects. Because of the fact 

that in the Netherlands from the late 1950s until 1980s a substantial part of the 

hormones indicated for menopausal complaints consisted of intramuscularly 

administered combined estrogen-testosterone therapy, we had the opportunity 

to study effects of androgen suppletion on atherosclerosis in postmenopausal 

women. The results of our study described in chapter 3.4 suggest that testos­

terone therapy may adversely affect atherosclerosis in postmenopausal women 

and indicate that androgen replacement in these women may not be harmless. 

Although our results are based on observational data, the "healthy women 

effect"69 would only have diluted the positive association found in our study, 

implying that the adverse effect of testosterone in women may even be stronger 

than our results suggest. The finding in our study, however, is based on intramus­

cularly administered high-dose testosterone, a mode of administration that is 

currently not being used anymore. The mode of administration may be crucial 

for the effect of testosterone on cardiovascular disease risk factors, such as 

lipids. Therefore, the extent to which our results are generalizable to the effects 
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of new preparations developed specifically for women needs to be determined. 

Endogenous hormone levels 

Endogenous hormone levels have been suggested to contribute to cardiovas­

cular disease pathofysiology exerting opposite effects in the sexes: in women 

estrogens were hypothesized to protect against cardiovascular disease and 

androgens were thought to exert adverse cardiovascular effects, whereas in 

men the associations were hypothesized to be the other way around.93 Ecolog­

ical studies do not provide support for the hypothesis that endogenous estro­

gen levels protect against cardiovascular disease in women: Japanese women 

exhibit the lowest coronary heart disease rates in the world and also have 

the lowest endogenous estrogen levels. 94 Estrogen levels have also not been 

found to be related to cardiovascular mortality in women.95 Only recently, how­

ever, assays with extremely low detection limits suitable for measuring estrogen 

levels in the low postmenopausal range have become available. When using this 

assay, neither we found an association between endogenous estrogen levels and 

atherosclerosis among postmenopausal women (unpublished results). The fact 

that until now no association has been found between estrogen level and cardio­

vascular disease in postmenopausal women may be due to the fact that estro­

gen exposure is not accurately reflected in a single measurement of its level 

and a potential deterioration of hormone values with prolonged storage. 96 When 

we used bone density as a marker of cumulative estrogen exposure, we found 

an association between 'estrogen' (=bone density) and atherosclerosis in post­

menopausal women and in women experiencing natural menopause (chapter 

4.2), which does support the hypothesis. Another possibility is that exposure 

to estrogen in premenopausal years may be more important in the association 

with cardiovascular disease, analogous with the finding that risk factors eval­

uated premenopausally are powerful predictors of atherosclerosis measured 

after menopause. 97 However, not much data are currently available regarding 

this hypothesis. 

In population studies, endogenous androgen levels were not found to 
be related to cardiovascular events in men96•98•102 or women. 95,1oz Results of 

several studies on endogenous androgens and atherosclerosis have been 

inconsistent. 10a.-107 Our data described in chapter 3.5 show that higher endoge­

nous testosterone levels in men are associated with a lower prevalence of aortic 

atherosclerosis and a lower risk of aortic atherosclerotic progression. The appar­

ent discrepancy between our results and the results of studies in which no asso­

ciation between endogenous testosterone levels and coronary heart disease in 

men was reported96
·
98

•
100 may be attributable to the fact that we studied nonsmok-
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ers only and to the fact that the aorta might be more vulnerable to the effects 

of endogenous sex steroids than other arteries. Aortic atherosclerosis has been 

found to be associated with an up to 9-times increased risk of ischemic stroke108 

indicating its importance in relation to cardiovascular disease. Mechanisms pos­

sibly involved in the association between aortic atherosclerosis and stroke may 

be pulse pressure or emboli being released from atherosclerotic lesions in the 

aortic arch. The fact that in our male study population we also found a protec­

tive effect of higher endogenous androgen levels for the occurrence of strokes 

(unpublished results) supports this inference. Until now, it is unclear whether 

testosterone is causally involved in atherogenesis. Possibly, higher levels of tes­

tosterone do not protect against atherosclerosis in men, but are merely a marker 

of good health. 109 In women participating in our study (chapter 3.5), higher 

levels of testosterone tended to be positively associated with aortic atheroscle­

rosis, which was largely accounted for by adverse cardiovascular disease risk 

factors, such as diabetes mellitus. The hyperandrogenicity in postmenopausal 

women with diabetes mellitus has been described before. 110 This association 

may provide insight into the mediation of cardiovascular consequences of diabe­

tes in women, as has been suggested previously. 111 

Thus far, our results on endogenous androgen levels (chapter 3.5) and high­

dose testosterone suppletion (chapter 3.4) indicate that androgens may lead 

to adverse cardiovascular disease risk factors and atherosclerosis in women, 

whereas in men higher endogenous androgen levels may protect against aortic 

atherosclerosis (chapter 3.5). 

Alternative endocrine cardiovascular disease risk factors 

Subclinical hypothyroidism 

In the Netherlands, the use of thyroid supplementation is very low as opposed to 

the high frequency of its usage in the USA. Therefore, we were able to study the 

association between subclinical hypothyroidism112 and cardiovascular disease 

in women participating in the Rotterdam Study. Our results indicate that sub­

clinical hypothyroidism is a strong risk indicator for atherosclerosis and myo­

cardial infarction in elderly women, as described in chapter 4. L A limitation of 

our study is the cross-sectional nature of its design, which limits the validity 

of causal interpretation of our results. However, the relative risk for women 

with subclinical myocardial infarction in the prospective part of our study was 

similar to the point estimate in the cross-sectional part of our study, although 

it did not reach statistical significance. Additional research has to be done to 

determine whether the association between subclinical hypothyroidism and ath­

erosclerosis and myocardial infarction can be confirmed in a prospective study. 
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Subclinical hypothyroidism is highly prevalent in postmenopausal women11
:3,

114 

and the relative risk associated with myocardial infarction as derived from our 

data is substantial The population attributable risk percentage for subclinical 

hypothyroidism with myocardial infarction is therefore considerable and esti­

mated to be within the range of that for known major risk factors for cardiovas­

cular disease, as described in chapter 4.1. Besides, subclinical hypothyroidism 

is known to progress to overt hypothyroidism with a rate of 5-15% per year, 

the rate being highest in women in whom thyroid antibodies are present. 115 

The manifestations of overt hypothyroidism vary considerably among patients 

and therefore it is often not recognized. The serum thyroid stimulating hor­

mone (TSH) assay is considered to be an accurate diagnostic test for hypothy­

roidism, although this point of view is not universally shared. 116 Furthermore, 

effective treatment therapies are available for thyroid dysfunction. The enumer­

ated issues indicate that thyroid dysfunction meets many criteria justifying pop­

ulation screening, 117 as is already advocated in the USA in women aged 35 years 

and over. 118 In this recommendation, 118 the possible association of subclinical 

hypothyroidism with cardiovascular disease was not considered yet. 

Bone loss 
Next to cardiovascular disease, osteoporosis is a common cause of morbidity 

and mortality in postmenopausal women. 119 Among women experiencing natural 

menopause, we found the progression of atherosclerotic calcification to be asso­

ciated with increased bone loss, as described in chapter 4.2. Moderate calcifica­

tion of plaques is thought to contribute to vascular morbidity- and mortality, 120
·
121 

indicating its importance in the pathofysiology of cardiovascular disease. More 

insight into the causes and consequences of vascular calcification with regard to 

coronary heart disease will be provided by studies using noninvasive measure­

ment of calcification in the coronary arteries, such as electron-beam computed 

tomography. 

The association between progression of atherosclerotic calcification and 

bone loss during menopause may provide insight in the pathofysiology of these 

diseases and provide clues for prevention and treatment. Interestingly, bisphos­

phonates, which are used for the treatment of osteoporosis, appear to prevent 

deposition of calcium in arterial walls in animal experiments, 122
•
123 suggesting 

that treatment with bisphosphonates may favorably affect atherosclerotic calci­

fication. On the other hand, changes in vascular wall calcification may render 

some plaques more prone to rupture and lead to an increased risk of cardio­

vascular events during bisphosphonate treatment. 124 Reviewing cardiovascular 

events in a large database from trials evaluating risedronate in the treatment 

and prevention of postmenopausal and corticosteroid-induced osteoporosis 
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revealed no evidence that risedronate influences the occurrence of cardiovascu­

lar disease, 125 however, studies thus far were not designed to examine the effect 

of bisphosphonate therapy on cardiovascular disease rates. 

Alternatively, it may not be calcification itself but the underlying process of 

atherosclerosis that is associated with bone loss. A common etiologic factor, 

such as estrogen deficiency or sensitivity to estrogen deficiency due to varia­

tions in the density or type of estrogen receptors, may be involved in the asso­

ciation between atherosclerosis and osteoporosis. Furthermore, statins, which 

are used for lipid lowering, have been reported to promote bone forrnation. 126 

Triggered by this finding, observational studies followed, 127
"130 which found that 

bone mineral density was increased130 and fracture incidence was reduced in 

subjects taking statins. Reanalysis of randomized controlled trial data from a 

trial designed to address cardiovascular outcomes, however, found no effect 

of statins on fracture risk m However, only 17% of subjects in this trial were 

women. A subsequent observational study found no effect of statins on fracture 

incidence either1:32 and a recent study in rats even indicated that statins might 

inhibit bone formation and produce a net reduction in bone density. 133 Until now, 

the effects of lipids and statins on bone and fracture risk are not elucidated yet. 

METHODOLOGICAL CONSIDERATIONS 

The methodological considerations of the presented studies have been dis­

cussed in the chapters 2, 3, and 4. In the current paragraph, two methodological 

issues regarding risk estimation in cardiovascular disease research arising from 

the fact that the risk of coronary- heart disease in women lags 10 years behind 

the risk in men134 are discussed. 

The first issue to be discussed is the effect of the difference in absolute coro­

nary heart disease risk between the sexes on measures of effect. It has been sug­

gested that the relative risk associated with smoking for myocardial infarction 

is higher in women than in men. 135 The described differentiation of results by 

sex may be a biological phenomenon, thus providing insight in the etiology of 

cardiovascular disease, but may also merely reflect the lower absolute risk of 

cardiovascular disease in women because magnitudes of relative risks are heav­

ily dependent upon the baseline risk of the disease. Also, interaction effects 

are dependent on the baseline risk Therefore, the same issue arises when the 

joint effects of cardiovascular risk factors are compared between the sexes. A 

large European collaborative project studied interaction effects of homocyste­

ine and classical cardiovascular disease risk factors and found the joint effect of 

these factors to be most pronounced in women. 59 Again, the difference in effect 
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between the sexes may be a biological phenomenon or may reflect the lower 

absolute risk of cardiovascular disease in women. To validly study whether dif­

ferences in the magnitude of relative risks or interaction effects between the 

sexes are due to differences in absolute risks, one has to take into account the 

difference in "cardiovascular age" between the sexes. 

The second issue to be discussed is the fact that because of the difference 

in absolute risk of coronary heart disease between the sexes it is a standard 

approach in cardiovascular research to stratify analyses by sex, which is a 

base for potential problems. It may lead to false positive findings of differences 

between the sexes, especially when the difference in absolute risk between the 

sexes is not taken into account correctly, as described previously. False posi­

tive findings of differences between the sexes may also arise when no a priori 

hypothesis underlies the stratification, or when only few subjects are available 

for analyses and effects are more likely to be due to chance. The loss of 

power due to stratification by sex becomes especially problematic when interac­

tion, towards which attention shifts in recognition of the complex multicausal 

etiology of cardiovascular disease, is the topic of interest. This issue arises par­

ticularly in research regarding genetic factors, in which gene-gene and gene­

environment interaction is a key issue. 136
·
137 Instead of habitually stratifying 

cardiovascular analyses by sex, it may be worthwhile to consider the usefulness 

ofthis approach. 

FUTURE RESEARCH 

The last decade, much effort has been put in describing and studying cardio­

vascular disease in women. Large population-based studies in women such 

as the Nurses' Health Study, 138 the Women's Health Study, 139 and the Healthy 

Women Study, 44 and population-based studies in which women participate such 

as the Cardiovascular Health Study, 140 the Atherosclerosis Risk In Communities 

Study, 141 the Rotterdam Study, 142 and randomized controlled trials71
•
72 have pro­

vided information on cardiovascular disease in women. In the current paragraph, 

views on future research regarding gender specific issues of cardiovascular dis­

ease are given. 

Effects of classical cardiovascular disease risk factors are generally similar 

in men and women, with the exception of diabetes mellitus143
•
144 and the insulin 

resistance syndrome, 2·3 which attenuate the female advantage. Factors possibly 

contributing to gender differences in cardiovascular disease and requiring 

further attention are LDL particle size, which is smaller and therefore less 

atherogenic in women, 57 abdominal fat accumulation, 145 and isolated systolic 
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hypertension, the prevalence of which is higher in women than in men. 146 

Until now, no solid proof of the hypothesis that estrogens would protect 

against atherogenesis in women is available. The first randomized trials on sec­

ondary preventive effects of hormone replacement therapy on cardiovascular 

disease did not find clear evidence for cardiovascular protection.n72 Results 

from primary prevention trials have to be awaited. 75
·76 However, even if these 

trials indicate that hormone replacement therapy exerts cardioprotective effects, 

the health effect of long-term postmenopausal hormone replacement therapy 

use is expected to be limited.67 ·84 Possibly, selective estrogen receptive modifi­

ers are more effective in the prevention of cardiovascular disease in women. 

The Raloxifene Use for The Heart study147 will provide information about the 

applicability of these preparations in preventing coronary heart disease. The 

question whether the decline in estrogen levels with menopause contributes 

to the rising incidence of cardiovascular disease is still unanswered25·:3sAo and 

will remain hard to answer because of the problem that no control population 

of women staying premenopausal is available. No association between endog­

enous estrogen levels and cardiovascular events in postmenopausal women 

has been found until now. 94
•9'5 However, the effect of susceptibility to estrogen 

because of genetic variations in the density or type of estrogen receptors 148 and 

its interaction with estrogen levels need further clarification. 

Other factors possibly contributing to the rising incidence of cardiovascular 

disease in women after middle age may be autoimmune diseases through 

immune-complex mediated vascular damage. We did not :find an association 

between thyroid autoimmunity and cardiovascular disease, but more research 

should be carried out on the association between autoimmunity and cardiovas­

cular disease. In postmenopausal women, iron stores increase and the recent 

evidence that heterozygosity for the hemochromatosis gene increases the risk 

of cardiovascular disease149 brings new life to the hypothesis that increased iron 

stores are associated with cardiovascular disease. The "iron hypothesis" may 

ask for further evaluation as a possible explanation for the rising incidence of 

cardiovascular disease in women after middle age. 

The effect of the gender gap in absolute coronary heart disease risk on differ­

ences in magnitudes of relative risks and interaction effects between the sexes 

needs attention. Furthermore, it may be worthwhile to consider the usefulness 

of the standard approach in cardiovascular research to stratify analyses by sex, 

especially in the coming era in which gene-gene and gene-environment interac­

tions will be major topics of interest. 136
•
1
·
37 

Next to etiologic research on gender specific issues of cardiovascular dis­

ease, attention for sex specific aspects of diagnosis, treatment, and prevention 

is essential. Research on gender differences in the access to diagnostic services 
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and treatment of heart disease is being conducted. F>0"15:3 Efforts to increase the 

participation of women in cardiovascular randomized controlled trials should 

be continued because women, particularly elderly women, remain underrepre­

sented in cardiovascular trials relative to their disease prevalence. 154
•
1
·
55 How­

ever, possibly the most important issue in ultimately lowering cardiovascular 

disease occurrence in women is to increase awareness among women. Women 

in Western countries do still not fully recognize that myocardial infarction is 

their leading cause of death. 1'56-158 Results from an American Heart Association 

survey show that most women believe cancer is their greatest health threat and 

only less than 10% of women perceive heart disease as their greatest threat. 158 

The awareness gap calls for translation of the evidence that cardiovascular dis­

ease is the major health threat for women to the public. 
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Summary 

THE FACT THAT cardiovascular disease is the major cause of morbidity and mor­

tality in women has been recognized already for many years and the last 

decade much effort has been put in describing and studying cardiovascular dis­

ease in women. Until now, it is not completely understood why the incidence in 

cardiovascular disease in women rises after middle age and why coronary heart 

disease occurrence remains lower in women than in men at all ages. The work 

presented in this thesis airns at gaining insight into gender specific issues of car­

diovascular disease and the cause of the rising incidence of cardiovascular dis­

ease in women after middle age by studying putative endocrine and metabolic 

risk factors. Data from various population-based studies were used to study 

these issues. 

In chapter 2, studies on classical cardiovascular disease risk factors attenu­

ating the female advantage with regard to cardiovascular disease occurrence 

are presented. Obesity is considered to be a risk factor for cardiovascular dis­

ease, particularly among women. The association between obesity and cardio­

vascular disease has been found to be less pronounced among smoking women 

than among nonsmoking women, which is often ascribed to the weight-lowering 

effect of smoking. In the study described in chapter 2.1, we studied an alter­

native hypothesis, being that the atherogenic effect of smoking n1ay be different 

among women with lower compared with those with higher body weight. In 1680 

postmenopausal women participating in the population-based Rotterdam Study, 

we observed that in lower-weight women (BMI < median) smoking was associ­

ated with an odds ratio of 4.3 (95% CJ, 2.5-7.2) for any progression of aortic ath­

erosclerosis, whereas in their higher-weight counterparts (BMI ~ median) the 

odds ratio was 2.1 (Cl, 1.2-3.8) during 6.5 years of follow-up (P for interaction< 

0.05). These results indicate that the association between cigarette smoking and 

progression of atherosclerosis is stronger in lower-weight than in higher-weight 

women and suggest that adipose-tissue derived estrogen may ameliorate the ath­

erogenic effects of smoking in postmenopausal women. 

The insulin resistance syndrome attenuates the female advantage with regard 

to cardiovascular disease occurrence. Until now, the etiology of the clustering 

of metabolic factors in the insulin resistance syndrome remains controversial. 

Recent data suggest that the insulin resistance syndrome may be accompanied 

by an increased acute-phase response. We studied this hypothesis in two study 

populations. In the study described in chapter 2.2, we examined the relation­

ship of C-reactive protein (CRP), a marker of low-grade inflammation, with 

variables of the insulin resistance syndrome among 186 healthy middle-aged 

women from the general population. In the study described in chapter 2.3, we 

examined the relationship of insulin resistance (measured by post-load insulin) 
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with several markers of inflammation among 574 nondiabetic elderly men and 

women participating in the Rotterdam Study. In both studies, low-grade inflan1-

mation was strongly associated with measures of insulin resistance. These 

results give support to the hypothesis that the acute-phase response is an inte­

gral part of the metabolic clustering of the insulin resistance syndrome. 

Chapter 3 contains studies on sex specific determinants of cardiovascular 

disease with a focus on sex steroids. Menopause is thought to be a major 

determinant of the increase in cardiovascular disease incidence among women 

after middle age. In chapter 3.1 and chapter 3.2 studies on associations 

between natural menopause and cardiovascular disease risk factors are pre­

sented. Cholesterol is the primary cardiovascular risk factor affected by meno­

pause with a -wide variation in change. Until now, it is not known why some 

women have no or only a slight increase in cholesterol level, whereas others 

exhibit a large cholesterol increase. In the study described in chapter 3.1, we 

studied whether the apolipoprotein E (APOE) genotype can explain differences 

in the increase in cholesterol level with menopause. In 1116 women partici­

pating in the population-based Eindhoven Perimenopausal Osteoporosis Study 

and experiencing natural menopause during 5.9 years of follow-up, we formd 

that the increase in cholesterol level with menopause is 30% lower in women 

with the APOE2E3 genotype when compared with women with the most com­

monly occurring APOE3E3 genotype. The variation in increase in cholesterol 

with menopause, however, is far from completely explained by the APOE gen­

otype. Apart from the increase in cholesterol level, the mechanisms through 

which menopause might exert its effect on the cardiovascular system remain 

largely unknown. In the study described in chapter 3.2, we measured plasma 

homocysteine levels in a meticulously selected population in which the contrast 

in estrogen status between premenopausal and postmenopausal women of the 

same age was maximized. The study comprised 93 premenopausal and 93 post­

menopausal women of similar age (range 43 to 55 year) selected from respon­

dents to a mailed questionnaire, which was sent to all women aged 40 to 60 

years in the Dutch town of Zoetermeer (n=l2,675). In this study population, 

we found that homocysteine levels were 7'}6 (0.8 [J.moi!L) higher in postmeno­

pausal women than in premenopausal women, proposing an additional mecha­

nism through which menopause may adversely affect cardiovascular disease 

risk 

Hormone replacement therapy has been suggested to exert anti-atherogenic 

effects. In the study described in chapter 3.3, we studied the effects of hor­

mone replacement therapy on hmuocysteine levels in a randomized interven­

tion trial. The Romeo trial is a single center randomized placebo-controlled 
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trial, conducted to assess the effect of a sequential combined regimen of oral 

17~-estradiol and desogestrel (l7~E2-D) and a combination of conjugated equine 

estrogens and norgestrel (CEE-N) compared with placebo on cardiovascular 

disease risk factors in 121 perimenopausal V1.romen. Our results show that after 6 

months of therapy, the difference in serum homocysteine levels between women 

receiving 17~E,-D and placebo was -6.3% (Cl, -12.4%; 0.0%). The difference 

between women receiving CEE-N and placebo ~,vas -10.1% (CI, -16.7%; -2.9%). 

These results indicate that hormone replacement therapy is associated with a 

small decrease in homocysteine levels in perimenopausal women. Despite favor­

able effects of hormone replacement therapy on cardiovascular disease risk 

factors, however, the first ra_ndomized trials on .secondary preventive effects 

of hormone replacement therapy on cardiovascular disease did not fmd clear 

evidence for cardiovascular protection. Results from primary prevention trials 

have to be awaited. 

Androgen treatment in postmenopausal women is considered to be an attrac­

tive treatment modality to potentially benefit psychological well-being and bone 

mass. Inclusion of androgens in postrnenopausal hormone replacement regi­

mens is not uncmnmon and is likely to become more widespread. Until now, 

however, no data are available on its long-term effects. In the Netherlands, 

intramuscularly administered high-dose estrogen-testosterone therapy ( estra­

diol and testosterone esters) used to be frequently prescribed for menopausal 

complaints from the late 1950s unti11980s. Self-reported data on intramuscularly 

administered high-dose estrogen-testosterone therapy and data on aortic athero­

sclerosis were available in the population-based EPOZ study (Epidemiological 

Preventive Organization Zoetermeer). Csing these data, we found that intramus­

cular testosterone therapy-use for l year or longer was associated with an odds 

ratio of 3.1 (CI, 1.1-8.5) for severe aortic athercsderosis in 513 naturally post­

menopausal women aged 54 to 67 years, as described in chapter 3.4. This result 

suggests that testosterone therapy may adversely affect atherosclerosis in post­

menopausal women and indicate that androgen replacement in these women 

may not be harmless. 

Endoger.ous honnone levels have bl::en suggested tc contribute to cardiovas­

cular disease pathofysiology exerting opposite e.f:Iects in the sexes: in women 

androgens vvere thought to exert a.d--·<?~·.se c·:cn::_ic-i-.lS-::'~lar effects, whereas in 

men androgens were hypothesized to pre-teet agains-:; cardiovascular disease. 

Until now, however, endogenous androgen !_·.:::Ye~s ha\re nor been found to be 

related with cardiovasct::.lar eve.:.lts in either LT,CT~ 0l" -.,,-,,;-on--;.en, 1.-vhereas results of 

studies on endogenous a:rtdrogen le-rtl..;; arcd .::rthe::·osc~erosis have been inconsis­

tent. In the study described in chapter 3.5. we stuc:~ed frte association between 

endogenous androgen levels and acrtic atherosclerosis in 1032 nonsmoking 
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elderly men and women participating in the Rotterdam Study. Our results show 

that relative to men with levels of total and bioavailable testosterone in the 

lowest tertile, men with levels of these hormones in the highest tertile had odds 

ratios of 0.4 (CI, 0.2-0.9) and 0.2 (CI, 0.1-0. 7), respectively, for the presence of 

severe aortic atherosclerosis. Men with levels of total and bioavailable testos­

terone in subsequent tertiles were also protected against progression of aortic 

atherosclerosis measured after 6.5 years of follow-up. In wmnen, positive asso­

ciations between levels of testosterone and aortic atherosclerosis were largely 

due to adverse cardiovascular disease risk factors. Levels of dehydroepiandros­

teronesulphate were not associated with aortic atherosclerosis, neither in men 

nor in women. The apparent discrepancy between our results and the results 

of studies in which no association between endogenous testosterone levels and 

coronary heart disease in 1nen was reported may be attributable to the fact that 

we studied nonsmokers only and to the fact that the aorta might be more vulner­

able to the effects of endogenous sex steroids than other arteries. Aortic athero­

sclerosis has been found to be associated with an increased risk of ischemic 

stroke, possibly through pulse pressure or emboli being released from athero­

sclerotic lesions in the aortic arch, indicating its importance in relation to car­

diovascnlar disease. 

In chapter 4, studies on alternative endocrine cardiovascular disease risk fac­

tors in postmenopausal women are described. Overt hypothyroidism has been 

found to be associated with cardiovascular disease. In the study described in 

chapter 4.1, we studied the association between subclinical hypothyroidism 

and thyroid autoimmunity and cardiovascular disease in a random sample of 

1149 postmenopausal women participating in the Rotterdam Study. We found 

that subclinical hypothyroidism was associated with a greater prevalence of 

aortic atherosclerosis (odds ratio 1.7 [CI, 1.1-2.6]) and myocardial infarction 

(odds ratio 2.3 [CI, 1.3-4.0]). Associations were slightly stronger in women who 

had subclinical hypothyroidism and antibodies to thyroid peroxidase, whereas 

no association was found between thyroid autoimmunity itself and cardiovascu­

lar disease. A limitation of our study is the cross-sectional nature of its design, 

which limits the validity of causal interpretation of our results. However, the rel­

ative risk for myocardial infarction in women with subclinical hypothyroidism 

in the prospective part of our study was similar to the point estimate in the cross­

sectional part of our study, although it did not reach statistical significance. The 

population attributable risk percentage for subclinical hypothyroidism associ­

ated with myocardial infarction as computed from our data was withln the range 

of that for known major risk factors for cardiovascular disease. 

Next to cardiovascular disease, osteoporosis is a common cause of morbidity 
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and mortality in postmenopausal women. In the study described in chapter 4.2, 

we studied the association between progression of aortic atherosclerotic calcifi­

cation and metacarpal bone loss among women after middle age by using data 

from the EPOZ study. In 236 women experiencing natural menopause during 

9 years of follow-up, the average loss of metacarpal bone mass among women 

with progression of aortic calcification was 3.2 mm2 and their loss of metacarpal 

bone density was 7 .2%, whereas in women without progression of aortic calci­

fication, these losses were 2.0 mm2 and 5.6%, respectively (P<0.05). In a cross­

sectional analysis in 720 postmenopausal women, we found a graded, inverse 

association between the extent of aortic calcification and metacarpal bone mass 

and density. The association between atherosclerotic calcification and bone loss 

may provide insight in the pathofysiology of these diseases. A common etiologic 

factor, such as estrogen deficiency or sensitivity to estrogen deficiency due to 

variations in the density or type of estrogen receptors, may be involved in the 

association between atherosclerosis and osteoporosis. 

In chapter 5, the general discussion, the results described in this thesis are 

placed in a broader context. 'I\vo methodological considerations are discussed, 

being the effect of the gender gap in the occurrence of coronary heart disease on 

differences in magnitudes of relative risks and interaction effects between the 

sexes, and the standard approach in cardiovascular research to stratify analy­

ses by sex. In our views on future research regarding gender specific issues of 

cardiovascular disease we give some suggestions for further etiologic research. 

Furthermore, we discuss that attention for sex specific aspects of diagnosis and 

treatment of cardiovascular disease is essential and stress that among women 

the awareness should be increased that cardiovascular disease is their major 

health threat. 
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H ET FEIT DAT hart- en vaatziekten de belangrijkste oorzaak zijn van ziekte en 

sterfte onder vrouwen is reeds vele jaren bekend en de laatste tien jaar is 

veel onderzoek gedaan naar hart- en vaatziekten bij vrouwen. Tot op heden is 

echter niet volledig duidelijk waardoor de incidentie van hart- en vaatziekten bij 

vrouwen toeneemt na middelbare leeftijd en waardoor, ondanks deze toename, 

coronaire hartziekten tot op hoge leeftijd minder vaak v66rkomen bij vrouwen 

dan bij mann en. Het werk gepresenteerd in dit proefschrift he eft tot doel inzicht 

te verschaffen in geslachtsspecifieke kenmerken van hart- en vaatziekten en de 

oorzaak van de stijgende incidentie van hart- en vaatziekten bij vrouwen na mid­

delbare leeftijd middels het bestuderen van mogelijke endocriene en metabole 

risicofactoren. Voor het bestuderen van deze onderzoeksvragen werden gege­

vens uit verschillende populatieonderzoeken gebruikt. 

In hoofdstuk 2 worden studies gepresenteerd betreffende klassieke cardio­

vasculaire risicofactoren welke het vrouwelijke voordeel ten aanzien van het 

v66rkomen van hart- en vaatziekten deels teniet doen. Overgewicht wordt 

beschouwd als een risicofactor voor hart- en vaatziekten, met name bij vrou­

wen. De relatie tussen overgewicht en hart- en vaatziekten is minder sterk bij 

rokende vrouwen dan bij niet-rokende vrouwen, hetgeen vaak wordt toegeschre­

ven aan het gewichtsverlagende effect van roken. In de studie beschreven in 

hoofdstuk 2.1 onderzochten we een alternatieve hypothese, namelijk de ver­

onderstelling dat het atherogene effect van roken verschilt tussen vrouwen 

met een laag lichaamsgewicht en vrouwen met een hoog lichaamsgewicht. 

Binnen een groep van 1680 postmenopauzale vrouwen welke deelnamen aan 

het Rotterdamse ERGO-onderzoek (Erasmus Gezondheid en Ouderen) vonden 

we dat, gedurende een vervolgperiode van 6,5 jaar, roken gepaard ging met een 

odds ratio van 4,3 (95% Betrouwbaarheidsinterval [Bl]: 2,5-7,2) voor progressie 

van aorta-atherosclerose bij vrouwen met een laag lichaamsgewicht ( quetelet 

index (QI) < mediaan), terwijl bij vrouwen met een hoog lichaamsgewicht (QI 

;>_ mediaan) de odds ratio 2,1 (Bl: 1,2-3,8) was (P voor interactie < 0,05). Deze 

resultaten geven aan dat het verband tussen het roken van sigaretten en pro­

gressie van atherosclerose sterker is bij vrouwen met een laag lichaamsgewicht 

dan bij vrouwen met een hoog lichaamsgewicht. Mogelijk antagoneren oestro­

genen, welke in vetweefsel gevormd worden uit bijnierandrogenen, het athero­

gene effect van roken bij postmenopauzale vrouwen. 

Het insulineresistentiesyndroom vermindert het voordeel dat vrouwen 

hebben ten opzichte van mannen betreffende het v66rkomen van hart- en vaat­

ziekten. Tot op heden bestaat er onduidelijkheid over de etiologie van de clus­

tering van metabole factoren in het insulineresistentiesyndroom. Recente data 

geven aan dat het insulineresistentiesyndroom mogelijk gepaard gaat met een 
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toegenomen acute-fase-reactie. Wij bestudeerden deze hypothese in twee popu­

laties. In de studie beschreven in hoofdstuk 2.2 bestudeerden '"e de relatie 

tussen C-reactief protelne (CRP ), een ontstekingsei,vit, en varia belen van het 

insulineresistentiesyndroom bij 186 gezc-nde middelbare vrouwen uit de alge­

mene bevolking. In de studie besch:reven in hoofdstuk 2.3 onderzochten we 

de relatie tussen insulineresistentie (insulineconcentratie gemeren na de orale 

glucosetolerantietest) en verschillende ontstekingsind1catoren bij 574 ouderen 

zonder diabetes mellitus par~idoerend 111 he-r ERGO-ond€rzoek. In beide stu­

dies vonden we een sterke associatie tussen ;,aaggradige ontstekingsactiviteit 

en de gehanteerde maten van insulineres1stentle. Deze resultaten ondersteunen 

de hypothese dat de acute-fase-reactle een onderdeel is van de clustering van 

metabole factoren binnen het insuline:::esistentiesyndroom. 

Hoofdstuk 3 bevat studies naar ges~achtsspecjfieke determinanten van hart­

err vaatziekten, met de nadruk op geslachtshormonen. De menopauze wordt 

beschouwd als een belangrijke determinant van d0 snjgende incidentie van hart­

err vaatziekten bij vTouwen na de middelbare leeftud. ln hoofdstuk 3.1 en 

hoofdstuk 3.2 worden studies gepresenteerd ·11e1ke ger1cht zijn op de relatie 

tussen natuurlijke rnenopauze en canii'Jvasculmre r::.sie:cracroren. Cholesterol is 

de belangrijkste cardiovasculaire risicofactor welk:e siijgt ttidens de menopauze. 

De mate van stijging varieert sterk tusser, ""~Jrouwen. Bet lS echter vooralsnog 

onduidelijk waarom het cholesterolgehalte bl.J sommige vrouwen niet of nauwe­

lijks stijgt, tenvijl andere vrouwen een sterke cholesterolstijging laten zien. In 

de stu die beschreven in hoofdstuk 3,1 bestudeerden vve of het apolipoprotelne 

E (APOE) genotype bijdraagt aan verschillen in :nate van st\jging v1n choleste­

rol tijdens de menopauze. Bij 1116 vrouwen welke deelnamen aan de Eindhoven 

Perimenopauzale Osteoporose Studie en welke tijdens een vervolgperiode van 

5,9 jaar door de menopauze gingen, vonden we dat de stijging van cholesterol­

concentratie ten tijde van de menopauze dertig procent lager was bij vrouwen 

met het APOE2E3 genotype vergeleken met de cholesterolconcentratiestijging 

bij vrouwen met het me est v66rkomende APOE3E3 genotype. De spreiding in de 

toename van cholesterolconcentratie tijdens de menopauze werd ec -_lter verre 

van volledig verklaard door het APOE genotype. Naast de stijging in cholesterol­

concentratie zijn de mechanismen waardoor de menopauze mogelijke ongun­

stige effecten op het hart- en vaatstelsel uitoefent grotendeels onbekend. In de 

studie beschreven in hoofdstuk 3.2 bepaalden we de p!asma-homocyste\ne­

concentratie in een nauwkeurig geselecteerde populatie waarin het contrast in 

oestrogeenstatus tussen pre- en postmenopauzale vrouwen van dezelfde leeftijd 

was gemaximaliseerd. De studiepopulatie bestond uit 93 pre- en 93 postmeno­

pauzale vrouwen van dezelfde leeftijd (spreiding 43 tot 55 jaar) welke werden 
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geselecteerd uit respondenten van een schriftelijke enquete welke was gezon­

den aan alle vrouwen in de leeftijdscategorie van veertig tot zestig jaar, wonende 

te Zoetermeer (n=12.675)- In deze onderzoekspopu1atie vonden we dat de homo­

cysteineconcentratie zeven pro cent (0,8 J-lmolll) hoger was bij postmenopauzale 

dan bij premenopauzale vrouwen. De stijging van homocysteine met de meno­

pauze is mogelijk een van de mechanismen welke ten grondslag liggen aan de 

veronderstelde relatie tussen menopauze en het toegenomen risico op hart- en 

vaatziekten bij vrouwen na de middelbare leeftijd. 

Suppletie van oestrogenen heeft mogelijk anti-atherogene effecten. In de 

stu die beschreven in hoofdstuk 3.3 werd het effect van oestrogeensuppletie op 

homocysteineconcentratie bestudeerd in een interventieonderzoek. Het Romeo­

onderzoek is een gerandomiseerde placebo-gecontroleerde studie, welke werd 

uitgevoerd om het effect te bestuderen van een sequentieel gecombineerde the­

rapie van orale 17~-oestradiol en desogestrel (17~E2-D) en een combinatie van 

geconjugeerde oestrogenen en norgestrel (CEE-N) ten opzichte van placebo 

op diverse cardiovasculaire risicofactoren bij 121 perimenopauzale vrouwen. 

Na zes maanden therapie was het verschil in homocysteineconcentratie tussen 

vrouwen welke 17~E2-D en placebo ontvingen -6,3% (BI: -12,4%; 0,0%)- Het 

verschil tussen vrouwen welke CEE-N en placebo ontvingen was -10,1% (BI: 

-16,7%; -2,9%). Deze resultaten geven aan dat oestrogeensuppletie gepaard gaat 

met een kleine verlaging van de homocysteineconcentratie bij perimenopauzale 

vrouwen. Echter, ondanks de gunstige effecten van oestrogeensuppletie op car­

diovasculaire risicofactoren, lieten de eerste gerandomiseerde e:x:perimentele 

studies gericht op secundaire preventie van hart- en vaatziekten geen duidelijk 

cardiovasculair beschennend effect zien. De resultaten van e:x:perimentele pri­

maire preventie onderzoeken worden afgewacht. 

Behandeling van postmenopauzale vrouwen met androgenen wordt 

beschouwd als een aantrekkelijke manier om gunstige effecten op psycholo­

gisch welbevinden en botmassa te bewerkstelligen. De toevoeging van andro­

genen aan postmenopauzale honnoontherapie is niet ongebruikelijk en zal 

waarschijnlijk toenemen. Tot op heden is echter niet bekend wat de lange­

termijn effecten van androgeentherapie zijn. In Nederland werd vanaf eind 

jaren '50 tot de jaren '80 intramusculair toegediende hoge dosis oestro­

geen-testosterontherapie (oestradiol en testosteron esters) frequent voorge­

schreven ter bestrijding van menopauzale klachten. Zelfrapportagegegevens 

betreffende intramusculair toegediende hoge dosis oestrogeen-testosteronthera­

pie en gegevens betreffende aorta-atherosclerose waren beschikbaar binnen het 

EPOZ-onderzoek (Epidemiologisch Preventief Onderzoek Zoetermeer). Gebruik 

makende van deze gegevens von den we dat intramusculaire testosterontherapie, 

welke een jaar of langer werd toegediend, gepaard ging met een odds ratio van 
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3,1 (BI: 1,1-8,5) voor emstige aorta-atherosclerose bij 513 natuurlijke postmeno­

pauzale vrouwen in de leeftijd varierend van 54 tot 67 jaar, zeals beschreven in 

hoofdstuk 3.4. Dit resultaat duidt op een wellicht ongunstig effect van testo­

sterontherapie op atherosclerose bij postmenopauzale vrouwen. 

Een vaak geopperde hypothese is dat endogene geslachtshormonen bijdra­

gen aan de pathofysiologie van hart- en vaatziekten met tegengestelde effecten 

in de geslachten: androgenen worden verondersteld ongunstige cardiovascu­

laire effecten te hebben bij vrouwen, teiWijl ze mogelijk zouden beschermen 

tegen hart- en vaatziekten bij mann en. Tot op heden is er echter geen relatie 

gevonden tussen endogene androgeenspiegels en het optreden van coronaire 

hartziekten bij mannen noch vrouwen. De resultaten van studies gericht op het 

verband tussen endogene androgeenspiegels en atherosclerose zijn vooralsnog 

niet eenduidig. In de studie beschreven in hoofdstuk 3.5 bestudeerden we het 

verband tussen endogene androgeenspiegels en aorta-atherosclerose bij 1032 

niet-rokende oudere mann en en vrouwen participerend in het ERGO-onderzoek. 

Onze resultaten toonden aan dat, ten opzichte van mannen met spiegels van 

totaal en biologisch beschikbaar testosteron in het laagste tertiel, mannen met 

hormoonspiegels in het hoogste tertiel odds ratios van respectievehjk 0,4 (BI: 

0,2-0,9) en 0,2 (BI: 0,1-0,7) hadden voor de aanwezigheid van emstige aorta-athe­

rosclerose. Mannen met spiegels van totaal en biologisch beschikbaar testos­

teron in opeenvolgende tertielen waren tevens beschermd tegen het optreden 

van progressie van aorta-atherosclerose, gemeten na een periode van 6,5 jaar. 

Bij vrouwen bestond een positief verband tussen spiegels van testosteron en 

aorta-atherosclerose, hetgeen grotendeels was toe te schrijven aan ongunstige 

cardiovasculaire risicofactoren. We vonden geen verband tussen spiegels van 

dehidro-epiandrosteronsulfaat en aorta-atherosclerose bij mannen noch vrou­

wen. De klaarblijkelijke discrepantie tussen onze resultaten en de resultaten 

van studies in welke geen verband werd gevonden tussen endogene testosteron­

spiegels en coronaire hartziekten bij mannen is mogelijk toe te schrijven aan 

het feit dat wij alleen niet-rokers bestudeerden. Daamaast is de aorta mogelijk 

gevoeliger voor de effecten van endogene geslachtshonnonen dan andere arte­

rien. Aorta-atherosclerose verhoogt de kans op een herseninfarct, mogelijk via 

de polsdruk of door embolieen welke afkomstig zijn van atherosclerotische lae­

sies in de aortaboog, hetgeen het belang van aorta-atherosclerose in relatie tot 

hart- en vaatziekten aangeeft. 

In hoofdstuk 4 worden studies beschreven betreffende alternatieve endocriene 

cardiovasculaire risicofactoren bij vrouwen. Het is bekend dat manifeste hypo­

thyreo'idie samenhangt met hart- en vaatziekten. In de studie beschreven in 

hoofdstuk 4.1 onderzochten we de relatie tussen subklinische hypothyreo'idie, 
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schildklier auto-immuniteit en hart- en vaatziekten in een aselecte steekproef 

van 1149 postmenopauzale vrouwen welke deelnamen aan het ERGO-onderzoek. 

We vonden dat subklinische hypothyreoldie samenhing met de aanwezigheid 

van aorta-atherosclerose (odds ratio 1,7 [BI: 1,1-2,6]) en doorgemaakt myocard­

infarct (odds ratio 2,3 [Bl: 1,3-4,0]), De verbanden waren iets sterker bij vrouwen 

welke subklinische hypothyreoldie en antilichamen tegen schildklier peroxi­

dase hadden, terwijl geen verband werd gevonden tussen hart- en vaatziekten 

en schildklier auto-irrununiteit onafhankelijk van schildklierstatus. Onze studie 

betreft een dwarsdoorsnede-onderzoek ( cross-sectioneel onderzoek), hetgeen 

de validiteit van oorzakelijke interpretatie van onze resultaten beperkt. Het rela­

tieve risico voor het optreden van een myocardinfarct bij vrouwen met subkli­

nische hypothyreoldie in het prospectieve deel van onze studie was weliswaar 

niet statistisch significant, maar kwam overeen met het risico in het cross-sec­

tionele deel van onze studie. Het populatie-attributieve risico-percentage voor 

subklinische hypothyreoldie samenhangend met myocardinfarct zeals berekend 

uit onze gegevens was in dezelfde orde van grootte als de populatie-attributieve 

risico-percentages van bekende belangrijke risicofactoren voor hart- en vaat­

ziekten. 

Naast hart- en vaatziekten is osteoporose een belangrijke oorzaak van ziekte 

en sterfte bij postmenopauzale vrouwen. In de studie beschreven in hoofdstuk 

4.2 gebruikten we gegevens uit het EPOZ-onderzoek om het verband tussen 

progressie van atherosclerotische aortaverkalking en metacarpaal botverlies b\i 

vrouwen na de middelbare leeftijd te bestuderen. In een groep van 236 vrouwen 

welke een natuurlijke menopauze doormaakten gedurende een vervolgperiode 

van negen jaar vonden we dat bij vrouwen bij wie progressie van aortaverkal­

king optrad het metacarpale botverlies 3,2 rrun2 bedroeg en het verlies van 

metacarpale botdichtheid 7,2% was. Bij vrouwen zonder progressie van aorta­

verkalking bedroegen deze verliezen gemiddeld respectievelijk 2,0 mm2 en 5,6% 

(P<0,05). In een cross-sectionele analyse bij 720 postmenopauzale vrouwen 

vonden we een gradueel invers verband tussen de mate van aortacalcificatie en 

metacarpale botmassa en botdichtheid. De associatie tussen atherosclerotische 

calcificatie en botverlies kan inzicht verschaffen in de pathofysiologie van deze 

ziekten. Mogelijk speelt een gemeenschappelijke etiologische factor, zeals oes­

trogeenverlies of gevoeligheid voor oestrogeenverlies ten gevolge van variatie in 

dichtheid of type van oestrogeenreceptoren, een rol in het verb and tussen athe­

rosclerose en osteoporose. 

In hoofdstuk 5, de algemene discussie, worden de resultaten welke zijn 

beschreven in dit proefschrift in een breder kader geplaatst. 1\vee methodologi­

sche overwegingen worden besproken, namelijk ten eerste het effect van het 
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geslachtsverschil in het v66rkomen van coronaire hartziekten tussen mannen 

en vrouwen op verschillen in grootte van relatieve risico's en interactie-effec­

ten tussen de geslachten. Ten tweede bespreken we de standaardbenadering in 

onderzoek naar hart- en vaatziekten om analyses te stratificeren voor geslacht. 

In onze visie op toekomstig onderzoek betreffende geslachtsspecifieke aspecten 

van hart- en vaatziekten geven we suggesties voor verder etiologisch onderzoek. 

Tevens geven we aan dat er aandacht moet blijven voor geslachtsspecifieke 

aspecten van diagnose en behandeling van hart- en vaatziekten en benadiukken 

we dat het van groat belang is het bewustzijn onder vrouwen te vergroten dat 

hart- en vaatziekten ook voor hen de belangrijkste gezondheidsbedreiging zijn. 

206 



DANKWOORD 

De afgelopen vier jaar zijn dankzij de samenwerking met velen bijzonder 

geweest. Aan het einde van mijn proefschrift daarom bij deze de meest gelezen 

woorden van dank. 

Mijn begeleiders. Jacqueline, dank voor je steun en het vertrouwen welkeik met 

name in het begin zo nodig had, de ruimte die je me bood om het onderzoek in te 

'Vllllen, de vele uren overleg gevuld met bedenken en uitwerken van onderzoeks­

ideeen en het delen vanje methodologische kennis. Huib, dank voor je betrok­

kenheid, je verfrissende klinische visie en je altijd positieve instelling. Ik zie er 

naar uit de komende jaren onder jouw "hoede" door te brengen! Bert, bedankt 

voor je kritische blik over de schouder en je aanstekelijke enthousiasme voor de 

epidemiologie. 

Alle onderzoeksmedewerksters op het centrum in Ommoord, bedankt voor 

jullie onmisbare inzet voor het ERGO-onderzoek en de gezelligheid tijdens de 

ERGO-diensten. Anneke, jij bent met je daadkracht en humor het boegbeeld 

van ERGO. Deirde, jouw inzet heeft ERGO een duw in de rug gegeven. Henning, 

succes met je verdere coOrdinatie-taken. 

De hoogbouw. Elly, Jolande en Lilian, jullie inzet bij de verwerking van de aan­

houdende stroom ERGO- en EPOZ-gegevens is ongekend. Jeannette, dank voor 

je ondersteuning bij de verwerking van de raaplijsten en lab-technische vragen. 

Frank, dank voor je hulp bij de beslommeringen rand de EPOZ-botten-data en 

het op orde krijgen van het aortacalcificatiebestand, dat ondanks "Hofstadter's 

law" gelukt is! Nano, zonder jouw hulp bij de computerperikelen was ik niet ver 

gekomen! Dames van de statistiek Lidia, Maria en Bettina, bij jullie kon ik bin­

nenlopen met allerlei vragen tijdens mijn eerste schreden op het onderzoekspad. 

Thea en Paul, dank voor jullie hulp bij de aanpak van analyses betreffende te 

skewed variabelen, trial en delta's. Jan, dank voor je hulp bij de boekhouding 

van het Eindhoven-project. Yolanda, voor allerlei praktische zaken rond aanstel­

lingen ben je onmisbaar. Dames van het secretariaat: Marga, je altijd klinkende 

lach wordt gemist; Nancy, bedankt voor je ondersteuning bij de coOrdinatie 

van het practicumonderwijs; Karin en Edith, bedankt voor jullie hulp vanuit het 

interne secretariaat. 

Collega's van het eerste uur Caroline Ue was helaas al snel vertrokken), 

Marianne (hormoondata zijn er hoor!) en kamergenoten Iris en Nicole, bedankt 

voor het delen van de eerste loodjes. Kamergenoten Annette (we houden con­

tact!), Hok-Hay en Rozemarijn, jullie warmte zal ik missen! Overige collega's 

van de hart-vaat-groep Jan, Rogier, Sayed, Vincent en Wim, het ga jullie goed. 

Collega's van "de hormonen": Mirjam, we komen er wel!; Monika, Marjolein, 

Stephanie en Pim, succes met de verdere exercities! 

207 



Dankwoord 

Met vel en werkzaam op verschillende afdelingen van Hoboken heb ik de afge­

lopen jaren samengewerkt. Thea en Hemmo, dank voor de discussies betref­

fende schildklier en bijbehorende immunologische aspecten (die prospectieve 

studie moet eens gaan lukken!). Hans en Harm, dank voor jullie razendsnelle 

bepalingen van schildklierhormonen en antilichamen. Frank, dank voor de hor­

moonbepalingen en het delen van je eindeloze kennis van steroidhonnonen 

(66k in vitro!). Andre en Wendy, dank voor jullie voortvarende inzet bij de geneti­

sche verwerking van de monsters van de Eindhoven Stu die. Over de brug binnen 

het AKC-CKCL: Jan, Wilma en Wim, bedankt voor de homocyste\nebepalingen in 

de Romeo-monsters. 

Enkele studies en samenwerkingsverbanden gingen de grenzen van Rotterdam 

te buiten. Amsterdam: Coen, dank voor het delen van je kennis betreffende 

insulineresistentie. Leiden: Bert, dank voor het opsporen van de, gelukkig nog 

niet verloren gegane, EPOZ-botten-data. Utrecht: Michiel, dank voor de IMT­

gegevens; Rick en Annette, dank voor jullie bijdrage aan de Romeo-trial en 

de mij geboden ruimte hierbinnen. Eindhoven: Jan en Victor, zonder jullie 

geen Eindhoven Studie. Het Eindhoven-team Lut, Colette, Hans en alle EMECS­

medewerkers, bedankt voor jullie inzet en de zo gestroomlijnd verlopen samen­

werking. 

Mijn paranimfen. Taos, jij hebt de afgelopenjaren mede kleur gegeven. Dank 

voor onze tochtjes naar Utrecht, waar we uren boven en in de vriezer doorbrach­

ten op zoek naar de Romeo-monsters, je onmisbare hulp bij het doorpluizen van 

de archieven van Romeo en EPOZ, het Iezen van de duizenden aortacalcificatie­

foto's en de laatste ritjes naar Eindhoven. Maar bovenal dank voor je vriend­

schap. Irene, samen begonnen we aan EPOZ, al ging dat niet altijd van harte en 

hebben we het nooit kunnen afronden! Vervolgens werden we collega's en heb je 

me rondgeduwd over de straten van Kyoto. Na dit epi-hoofdstuk gaan we beiden 

de interne kant op. Ik hoop dat we elkaar blijven tegenkomen. Toos en Irene, ik 

ben er trots op dat jullie straks naast me staan. 

Mark, dankzij jouw bijdrage ziet mijn boeKje er geweldig uit! 

Papa en mama, ik ben blij dat jullie er op 13 maart sam en bij kunnen zijn. 

Bob, mijn Werkendamse Amsterdammer, bedankt dat je er bent. Overal en 

altijd. 

208 



ABouT THE AUTHOR 

Liesbeth Hak was born on March 1, 1970 in Sliedrecht, The Netherlands. In 

1988 she passed secondary school at the "Oude Hoven" in Gorinchem (athe­

neum). For 1 year, she studied health sciences at the Maastricht University (pre­

viously Rijksuniversiteit Limburg).ln 1996 she obtained her medical degree from 

the same university (doctoral and medical degree cum laude). Subsequently, 

she worked 9 months as a resident in obstetrics and gynecology at the "St 

Maartensgasthuis", Venlo. In August 1997 she started the work described in this 

thesis at the Department of Epidemiology & Biostatistics, in close collabora­

tion -with the Department of Internal Medicine, Erasmus MC, Rotterdam. During 

this period she obtained a Master of Science degree in Clinical Epidemiology 

from the Nether lands Institute for Health Sciences in Rotterdam and worked 

6 months as a resident in internal medicine. From April until August 2002 she 

will be working as a research fellow at the Department of Epidemiology of the 

Harvard School of Public Health, Boston, USA. In September 2002 she will start 

her training as an internist at the Erasmus MC in Rotterdam. 

209 



LIST OF PUBLICATIONS 

Hillen HF, Hak LE, Joosten-Achjanie SR, Arends JW. Microvessel density in unknown pri­
mary tumors. Int J Cancer 1997; 74:81-5. 

Hak AE, Stehouwer CDA, Bots ML, Polderman KH, Schalkwijk CG, Westendorp ICD, 
Hofman A, Witteman JCM. Associations of C.-reactive protein with measures of obesity, 
insulin resistance, and subclinical atherosclerosis in healthy, middle-aged women. 
Arterioscler Thromb Vase Bioll999; 19:1986-91. 

Peters HW, Westendorp ICD, HakAE, Grobbee DE, Stehouwer CDA, Hofman A, Witteman 
JCM. Menopausal status and risk factors for cardiovascular disease. J Intern Med 1999; 
246,521-8. 

Hak AE, Polderman KII, Westendorp ICD, Jakobs C, Hofman A, Witteman JCM, Stehouwer 
CDA Increased plasma homocysteine after menopause. Atherosclerosis 2000; 149:163-8. 

Hak AE, Pols HAP, Visser TJ, Drexhage HA, Hofman A, Witteman JCM. Subclinical hypo­
thyroidism is an independent risk factor for atherosclerosis and myocardial infarction in 
elderly women: the Rotterdam Study. Ann Intern Med 2000; 132:270-8. 

Hak AE, Pols HAP, van Hemert AM, Hofman A, Witteman JCM. Progression of aortic cal­
cification is associated with metacarpal bone loss during menopause: a population-based 
longitudinal study. Arterioscler Thromb Vase Bio12000; 20o1926-31. 

Hak AE, Pols HAP, Stehouwer CDA, Meijer J, Kiliaan AJ, Hofman A, Breteler MMB, 
Witteman JCM. Markers of inflammation and cellular adhesion molecules in relation to 
insulin resistance in nondiabetic elderly: the Rotterdam study. J Clin Endocrinol Metab 
2001; 86,4398-405. 

Hak AE, Bak AAA, Lindemans J, Planellas J, Coelingh Bennink HJT, Hofman A, Grobbee 
DE, Witteman JCM. The effect of hormone replacement therapy on serum homocysteine 
levels in perimenopausal women: a randomized controlled triaL Atherosclerosis 2001; 
158o437-43. 

van der Klift M, Pols HAP, Hak AE, Witteman JCM, Hofman A, de Laet CEDH. Bone min­
eral density and the risk of peripheral arterial disease: the Rotterdam Study. CalcifTissue 
Int; in press. 

210 


