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This thesis focuses on interrelationships between different measures of end organ

damage in the presence of  or changes in high blood pressure. It aims to elucidate the

value of assessment of end organ damage in the management of patients with

hypertension with or without additional cardiovascular risk factors.

Risk factors like hypertension are imperfect targets for treatment in cardiovascular

disease. Many persons are treated to prevent one event, treatment does reduce but

does not abolish the risk for each individual, and relatively little is known about the

needed degree of lowering a risk factor. Assessment of end organ damage is an

accepted way to distinguish candidates for starting or intensifying risk factor treatment.

In clinical research, end organ damage is used as a surrogate endpoint. Despite this

important place for damage assessment, the relation between risk factor and end

organ damage is often considered relatively direct and uniform. This is probably not

correct, which may be illustrated by taking a look at intima media thickness (IMT)

and microalbuminuria. Many risk factors are known to be associated with an increase

in IMT and with microalbuminuria. Both are known to be independent prognostic

indicators, and treatment of the underlying risk factor hypertension mostly results in

less microalbuminuria (MA), and less progression of the IMT. In turn, this is associated

with a reduction in cardiovascular end points.  However, it is obvious that the behavior

of MA and IMT is quite different. IMT is a continuous characteristic of structural

vascular changes, strongly dependent on age, with a slow rate of change. MA is a

much more categorical  patient characteristic, which is considered to reflect functional

changes in vascular permeability. For other parameters, even more outspoken

differences exist. Endothelial dysfunction is an almost universal, early phenomenon

associated with certain risk factors but it probably does not represent end organ

damage. On the other hand, (silent) ischemia may be a sign of end organ damage,

present in only a minority of elderly patients with risk factors.

Thus, end organ damage parameters should be classified according to the underlying

pathophysiology and their relationship with cardiovascular end points.

As discussed in the Introduction little attention has been given to the interrelationships

between different risk factors and the various measures of end organ damage (EOD).

Of all measures of end organ damage, silent myocardial ischemia is conceptually

most close to a cardiovascular clinical end point and may even be considered as a

sign of actual coronary heart disease. Silent myocardial ischemia is a strong predictor

of coronary end points like myocardial infarction or cardiac death. Silent ischemia

can be considered to reflect an imbalance between supply and demand. Supply may

be limited by atherosclerosis of coronary arteries and rarefaction of arteries as seen
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in left ventricular hypertrophy, demand will be increased by high pressures and an

increase in left ventricular mass. A surprisingly high prevalence of silent ischemia

has been reported in elderly hypertensives. Whether an increase in demand or

accelerated atherosclerosis in hypertension is the determining factor for this high

prevalence has not been well assessed. Therefore, in chapter 4 we assess the prevalence

and degree of silent myocardial ischemia, and cardiovascular end organ damage in

older hypertensive patients. Silent ST depression is investigated by 48 hour Holter

monitoring, and related with echocardiographically determined left ventricular mass

and combined carotid and femoral intima media thickness.

Chapter 5 addresses the interrelationship of age and blood pressure on IMT as the

most accepted surrogate measure for atherosclerosis. IMT is mostly measured in the

carotid arteries, representative of elastic larger arteries. It has previously been shown

that common carotid IMT is modestly correlated to coronary atherosclerosis. In chapter

5 the intima media thickness in carotid, but also in the more muscular femoral arteries

in several age groups is lined out. These populations include young adolescents,

normotensive adults and adults of comparable age with coronary artery disease.

In chapter 6, the effects of two antihypertensives, the calcium channel blocker

amlodipine, and the ACE inhibitor lisinopril, on intima media thickness is described

in a group of elderly hypertensives similar to those reported in chapter 4. The aim

was to compare both antihypertensives in a group with an expected very high

prevalence of IMT abnormalities. To discern a possible class-specific effect we aimed

for a similar degree of blood pressure reduction in both groups. In the recent ELSA

study an almost universal presence of marked IMT abnormalities was shown in

middle-aged with mild to moderate hypertension. Systolic and pulse pressure related

to IMT far better than LDL-cholesterol or smoking in this population. Although other

studies have been more equivocal, in the ELSA study lacidipine reduced IMT

progression more than beta-blocker treatment.

In chapter 7 the baseline carotid and femoral IMT, and subsequently the short-term

(half year) effects of open treatment with long acting nifedipine on IMT, measured

as a blinded end-point, in younger, middle-aged patients with combined hypertension

and hypercholesterolemia are described. This group serves as an example of the

interaction of multiple risk factors on IMT. Even when treatment was open in this

study, the course of IMT may provide some insight in possible effects of blood pressure

reduction on IMT in this combined risk factor group.
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In chapter 8 the effects of 2 years treatment with simvastatin as cholesterol lowering

therapy, versus placebo, on various forms of end organ damage is described. Study

drug or placebo is given superimposed on antihypertensive therapy with nifedipine,

in the same group of patients as in chapter 7 with combined mild hypertension and

hypercholesterolemia. We specifically addressed the question whether in this group

simvastatin might affect not only the vasculature (IMT), but also, perhaps indirectly

or by beneficial interaction, cardiac end organ damage.

Chapter 9 reviews the influence of drug treatment on carotid IMT and its clinical

implications. Some of the previously published opinions on IMT measurements in

clinical practice, especially its value as independent risk predictor and as follow-up

tool, are discussed. At least, it is clear that IMT measurements are time-consuming

and, therefore, expensive, and available in only a few centers. This makes them not

feasible for use in a first-line setting where the majority of persons with elevated

cardiovascular risk is seen. To a lesser degree this also holds for other end organ

damage measurements like (Doppler-) echocardiographic left ventricular mass or

diastolic function measurements. So, there is a clear need for simple tools to detect

end organ damage.

In chapter 10 the value of natriuretic peptides, atrial natriuretic peptide and brain

natriuretic peptide as markers of cardiac end organ damage is investigated in a group

of elderly hypertensives.

In chapter 11 the long term effects of amlodipine and lisinopril on left ventricular

mass and diastolic function in a group of elderly hypertensive persons, previously

studied in chapters  4,6 and 10, is described, the ELVERA trial. In the past it was

suggested that the class-specific effect of ACE-inhibitors in reducing LV mass is

stronger compared to other classes of antihypertensives with comparable blood

pressure reduction. We could not confirm this in our previous studies in younger

patients with hypertension. The aim of the present study was to assess this in elderly

hypertensives not selected for having LVH.

Finally, in chapter 12 the prevalence of microalbuminuria and the relationship with

end organ damage is investigated in the same groups of hypertensives described

above. As discussed above microalbuminuria behaves differently compared to the

other measures of end organ damage. Microalbuminuria is often considered to reflect

endothelial dysfunction. The latter may even be a crucial pathophysiological

mechanism in several cardiovascular risk factors, like diabetes, hypertension and
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smoking. In diabetes mellitus it has been linked to both renal  hemodynamic and

renal vascular wall abnormalities (hemodynamic and Steno hypothesis, respectively).

In chapter 12 we focus on the relation of MA with different structural measures of

EOD to further elucidate the pathophysiological links between both. Finally, in chapter

13 a summary and the general discussion are given.
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