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INTRODUCTION General introduction and outline

Cardiovascular disease (CVD) is still the leading cause of human mortality in the
world, despite all the progression in treatment and prevention. Not only in the
Western world, but also in developing countries, the incidence of CVD is
dramatically increasing (1). With an estimated number of 17.3 million deaths per
year, CVD represents 30% of all global deaths (2). By 2030, this number is projected
to increase to 23.6 million. Over 80% of the cases of cardiovascular disease
manifest themselves by the narrowing of the arteries. Such a narrowing develops
over time by the formation of atherosclerosis leading to a decreased perfusion in
the vessel downstream of the narrowing. With increasing atherosclerosis in the
coronary artery, ischemia may occur, which has a profound impact on cardiac
morbidity and mortality. The importance to understand cardiovascular disease and
the need to improve diagnostic strategies to prevent cardiovascular deaths is
evident. In view of the importance, intensive efforts are being conducted to further
improve prevention of cardiovascular disease. The studies presented in this thesis
focus on unexplored areas of cardiovascular metabolism.

Cardiovascular metabolism

Low density lipoprotein cholesterol (LDL C) is one of several atherogenic particles,
contributing to atherosclerosis. Currently, LDL C is the main target in lipid lowering
therapy. A substantial amount of patients have post treatment LDL C levels in the
target range, yet, only a 30% overall reduction in the number of cardiovascular
events has been achieved, meaning that 70% of the events remain despite optimal
treatment (3, 4). It is known that LDL C is one of several lipoproteins contributing
to atherosclerosis. This observation has led to the hypothesis that other
atherogenic particles that contribute to atherogenesis may be useful in risk
assessment and may also lead to a more optimal lipid lowering therapy target.

Another approach in risk assessment that may be of interest is C reactive protein
(CRP). It was shown that CRP is a target for primary prevention in cardiovascular
health in the JUPITER (Justification for the Use of Statins in Primary Prevention: An
Intervention Trial Evaluating Rosuvastatin) (5). This study aimed at evaluating
whether statins reduce CVD in healthy persons with normal LDL C levels, but with
minimal elevated CRP levels. Compared to subjects taking a placebo, subjects given
statins had a significant reduction of major cardiovascular events after one year of
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treatment. The results are surrounded by debate. Therefore, we assessed some
questions in a European population.

Another novel emerging role in risk assessment in cardiovascular disease is through
the use of microRNAs (miRNAs) as regulators of heart disease (6). MiRNAs are
small RNAs that “fine tune” the translational output of target messenger
ribonucleid acid (RNAs). MiRNAs are implicated in the pathogenesis of various
cardiovascular diseases (7). Given that mature miRNAs are abundant, easily
measurable and stable in the plasma, drawing peripheral blood may be a
particularly attractive method for the clinical measurement of these molecules in
early stages of disease. It appears that mature plasma miRNAs may be useful
indicators for heart failure (8) and early stages of cancer (9). We postulate that
miRNAs may have a potential role as predictive markers for identifying persons at
risk for atherosclerotic cardiovascular disease.

A large amount of literature provides insight into the pathogenesis of the
cardiovascular system and a parallel body of evidence suggests that the central
nervous system plays an important role in the regulation of the metabolism.
Dysfunction of the central nervous system may contribute to unhealthy metabolic
consequences influencing cardiovascular health (11). In studies dating back to the
19th century, the French physiologist Claude Bernard observed that puncturing the
brain induced diabetes (10). Over the last several years, more evidence has been
provided that the availability of nutrients regulates the activity of hypothalamic
neuronal pathways designed to couple energy needs with nutrient intake and
endogenous nutrient output (12). These central pathways are prone to faltering in
the presence of prolonged overfeeding which leads to the metabolic syndrome
(13). A key component of the metabolic syndrome is increased secretion of very
low desity lipoprotein triglycerides (VLDL TG). VLDL particles are potentially
atherogenic leading to deteriorating cardiovascular health. Evidence was found
that the brain can curtail the rate of VLDL TG output by the liver by lactate infusion
to physiological concentrations in the brain of rodents (14). This cross talk between
the brain and the liver links lactate sensing to lipoprotein secretion due to the
curtailing of hepatic SCD1 activity and therefore lowered secretion of VLDL
particles in the liver. Besides, intravenous lactate infusion was also able to lower
VLDL TG production by the liver by curtailing the activity of SCD1 (15). We
hypothesize that the metabolic mechanism found in rodents may also be applicable
to human.

Animal studies have shown that central dopamine signalling is involved in the
regulation of endogenous glucose production (EGP). To test this hypothesis in

 23 

humans, we studied whether deep brain stimulation (DBS) of the subthalamic
nucleus (STN) (21), which causes striatal dopamine to increase, results in a change
in basal EGP or hepatic insulin sensitivity in patients with Parkinson’s disease.

Coincidence of cardiovascular and metabolic disease has initiated intensive
research into their common background. In recent years, attention has been drawn
to the disproportionately greater number of depressive disorders in patients with
coronary artery disease. In recently diagnosed CVD patients, this afflicts as many as
15 20% of the patients (16). An opposite relationship, i.e. a greater number of
cardiovascular complications in patients with depression has also been postulated.
Obesity has been associated as an independent risk factor for depression (17).
When patients are depressed and obese, a lower efficacy response to
antidepressants compared to lean patients was found (18). Since obese persons
display elevated plasma levels of free fatty acids (FFAs) (19), they may have more
FFAs in their brain, interfering with the central response, since the composition and
concentration of brain fatty acids is reflecting the dietary composition of fat (20).
Therefore, we postulate that FFAs may play a role in the reduction of the cerebral
response to antidepressants.

The pituitary gland, located in the center of the brain, secretes the hormone
prolactin, which may play a role in several pathophysiological vascular pathways.
Prolactinoma patients demonstrate metabolic disturbances such as
hypercholesterolemia and hypertriglyceridemia (22, 23). Prolactin levels are also
associated with deep vein thrombosis of the leg in a dose dependent manner (24).
Atherothrombosis is a multifactorial process, governed by an interaction between
the vessel wall, hemodynamic factors and systemic atherothrombotic risk factors.
Recent in vitro, human ex vivo and animal studies have implicated prolactin as an
atherothrombotic mediator (25). Prolactin may modulate the cardiovascular
interaction within the microcirculation and atherothrombosis, a largely unexplored
area.
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OUTLINE OF THESIS

It is time to move beyond regular understanding of cardiovascular metabolism in
order to further prevent cardiovascular disease. It is time to learn about novel
metabolic insights in cardiovascular health.

Chapter 2 contributes to the debate about the residual risk in patients with on
target LDL C levels. Our approach explores if non HDL C and apo B are predictive
for cardiovascular disease. Chapter 3 evaluates the therapeutic implications of
JUPITER in regard to cardiovascular disease in healthy subjects with low LDL and
high CRP in a Western European population. Finally, microRNAs, novel markers as
possible predictive biomarkers for cardiovascular disease, are studied in Chapter 4.
Chapter 5 studies the influence of exogenous lactate on the VLDL TG metabolism
by the liver in humans, since a positive therapeutic effect was found in animal
models. Chapter 6 describes the effect of the brain on the metabolism. In this study
deep brain stimulation was evaluated in regards to the glucose metabolism. In
Chapter 7, we investigate the influence of free fatty acids on the brain. We
hypothesized that increasing plasma FFA by infusion of a lipid emulsion, may be a
contributing component leading to decreased serotonergic responsivity, which is
seen in obese persons. The next Chapter 8 evaluates microvascular dysfunction and
evaluates atherothrombotic markers in prolactinoma patients with elevated
prolactin levels compared to healthy controls.
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