
 

 

 University of Groningen

Lipids, inflammation, and the Renin-Angiotensin System
Harst, Pim van der

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2006

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Harst, P. V. D. (2006). Lipids, inflammation, and the Renin-Angiotensin System. s.n.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 24-05-2023

https://research.rug.nl/en/publications/9635394f-186f-4e89-b31d-c2218c922f8e


 
 
 

 

 

 

SUMMARY AND FUTURE 

PERSPECTIVES 



 
 
 

 
 
 
 
 
 
 

 

 

 

 

 

 

 



SUMMARY AND FUTURE PERSPECTIVES 
 
 

 169 

Summary and Future Perspectives 

Impaired endothelial function is recognized as one of the earliest events of 
atherogenesis.1, 2 In Part I, chapter 1, we discussed the clinical value of the 
different techniques to evaluate endothelium-dependent vasomotor function. We 
also reviewed the efficacy of both angiotensin converting enzyme inhibitors and 
the HMG-CoA reductase inhibitors on improving vascular function. Despite the 
extensive experimental evidence, and some clinical trials studies using quinapril, 
the beneficial effects of other angiotensin converting enzyme inhibitors in 
general on vascular, endothelial function in humans are inconsistent. The 
currently available studies involving statin therapy are suggesting that treatment 
of hypercholesterolemia can restore endothelial dysfunction. In chapter 2, we 
demonstrated that in vitro resistance of internal thoracic arteries to exogenous 
angiotensin II is independently related the long-term risk of cardiovascular 
events, including cardiac death, myocardial infarction, percutanous coronary 
intervention, re-coronary artery bypass grafting, stroke, and vascular surgery, 
even after adjustment for blood pressure and other cardiac risk factors. A 
surprisingly high percentage of 78 percent of all cardiovascular events occurred 
in patients with in vitro angiotensin II resistance. In addition, angiotensin II 
resistance was associated with a higher blood pressure an a trend to an 
increased serum and local angiotensin converting enzyme activity. However, 
from this study, we cannot deduct the exact molecular mechanims. It might be 
due to decreased angiotensin type 1 receptor expression, or decreased 
intracellular signalling. Receptor regulation is a complex process, which is 
balanced by factors downregulating the receptor and upregulating the receptor. 
Angiotensin II itself is a well-known factor inducing receptor downregulation; 
commonly refereed to as agonist induced receptor downregulation. It is 
tempting to speculate that increase of in vivo levels of angiotensin II results in 
decrease of in vitro vascular response to exogenous angiotensin II.  
Since renal function is strongly associated with decreased cardiovascular 
outcome, we assessed whether renal function impairment related to systemic 
alterations of vascular responsiveness to angiotensin II, endothelial function or 
inflammatory markers (C-reactive protein and soluble intercellular adhesion 
molecule 1) in chapter 3. We studied in vitro vascular segments of the internal 
thoracic artery of patients undergoing coronary artery bypass grafting. In 
contrast to a previous study in patients with hypertension,3 we could not 
establish an association between endothelial function (vasorelaxation in 
response to methacholine) and renal function. In addition, we could not 
establish an association between renal function and vascular responsiveness to 
angiotensin II or serum angiotensin converting enzyme activity, or the serum 
inflammatory markers C-reactive protein and soluble intercellular adhesion 
molecule 1. Thus, it seems that the relationship between systemic vascular 
dysfunction and mild renal insufficiency might be more complicated than 
previously thought. In chapter 4, we analyzed the preoperative predictive value 
of the inflammatory markers C-reactive protein and soluble intercellular 
adhesion molecule 1 levels on long term incidence of cardiovascular events in 
patients undergoing coronary artery bypass grafting. In contrast to soluble 
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intercellular adhesion molecule 1, cardiovascular event rate was significantly 
increased in patients with a preoperative C-reactive protein level above the 
median of 1.9 mg/l. Increased preoperative C-reactive protein was associated 
with a three fold increased risk for cardiovascular events, even after adjustment 
for conventional risk factors. In vitro exposure of C-reactive protein also can 
lead to upregulation of the angiotensin type 1 receptor, and is related to 
increased neointimal formation in the rat carotid artery angioplasty model.4 In 
addition, in vitro exposure of vascular smooth muscle cells to cholesterol can 
also markedly augments angiotensin type 1 receptor mRNA and protein 
expression.5, 6  Therefore, we assessed the effects of both C-reactive protein and 
cholesterol on the human vascular responsiveness to angiotensin II in chapter 
5. We observed an increased human vascular responsiveness to angiotensin II 
in patients with increased cholesterol levels and in patients with increased C-
reactive protein levels. Interestingly, analyzing cholesterol and C-reactive 
protein jointly revealed that both increased cholesterol and increased C-reactive 
protein together was most strongly associated with increased vascular 
responsiveness to angiotensin II. These results are suggesting that increased C-
reactive protein and increased cholesterol levels are interacting to increase 
human vascular responsiveness to angiotensin II. Since chronic heart failure is a 
condition characterized by neurohormonal activation, and increased levels of 
angiotensin II, an indicator of an activated renin-angiotensin system we 
determined in chapter 6 the length of telomeres from the circulating leukocytes 
(inflammatory cells). Angiotensin II is a major oxidative stress inducing factor7, 8 
and oxidative stress in its turn is a major factor associated with telomere 
shortening and biological aging.9-11 Increased inflammatory status, and 
increased leukocyte turnover is another factor decreasing telomere length. Since 
cardiac failure is in general also an age-related disease associated with 
increased oxidative stress and inflammation, we hypothesized that patients with 
chronic heart failure have decreased telomere length. We demonstrated that 
telomere length is indeed shorter in 620 patients with chronic heart failure 
compared to 183 age- and sex-matched controls, and that telomere length was 
related to the severity of the disease. This was even more highlighted in patients 
with chronic heart failure who had concomitant vascular, atherosclerotic disease. 
However, this research was cross-sectional in nature, thus we cannot conclude 
causality from this study. Nevertheless, this study opens a new avenue for 
cardiovascular research and is one of the most noteworthy observations of this 
thesis.   
 
In Part II, we explored the effects of 3-hydroxy-3-methylglutaryl co-enzyme-A 
inhibitors (statins) in the presence of an activated renin-angiotensin system or 
inflammation. Recent evidence demonstrates that intensive lipid-lowering 
therapy with high dose statin provides significant clinical benefit beyond 
moderate lipid lowering therapy.12, 13 However, dose-dependent effects of short-
term statin therapy on vascular function have not been demonstrated. In 
chapter 7, we therefore studied endothelial function and, more importantly, 
vascular responsiveness to angiotensin II in coronary artery diseased patients 
randomized to low or high dose statin treatment (10 or 80 mg atorvastatin), or 
placebo. Endothelium dependent vasodilatation was improved with statin 
therapy, but was significantly further improved with high dose as compred to 
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low dose treated patients. Endothelium improvement was accompanied by 
reduced vascular response to angiotensin II. This seems to be in contrast with 
our previous observation (chapter 5), but might be due to statin induced 
downregulation or to cholesterol associated downregulation. We might also have 
to acknowledge that a certain balance between factors modifying receptor 
expression exists, ultimately resulting in increased or decreased vascular 
responsiveness to angiotensin II. These findings obviously require additional 
research. Nevertheless, the improvement of endothelial function might provide a 
potential mechanism for the clinical benefit of intensive lipid lowering treatment 
in coronary heart disease. Considering the effects of statin on inflammation, it 
was known that statins effectively reduce inflammatory parameters such as C-
reactive protein. However, whether these are long lasting changes remained to 
be determined. In chapter 8 we studied patients who were not in need of a 
statin for ethical reasons. We assessed the consequences of withdrawing statin 
therapy on serum cholesterol and C-reactive protein levels. Patients who 
discontinued statin therapy after 4 years of treatment had cholesterol levels and 
C-reactive protein levels increased up to pre-treatment levels within 3 months. 
Interestingly, this increase was not related to the increase of cholesterol. These 
data might provide mechanistic support for the acute increase in cardiovascular 
risk associated with statin discontinuation.  
Besides reducing cholesterol and C-reactive protein, evidence suggests that 
there exists a plethora of potential relevant beneficial effects of statins14 to 
improve vascular function. We hypothesized statins might be useful to intervene 
in the pathophysiological process of instent restenosis. Therefore, we studied in 
chapter 9  the anti-restenotic potency of statin therapy. We used the rat 
abdominal stent model and tested whether supraphysiological levels of 
angiotensin II would be associated with increased vascular injury as measured 
by in vitro vasomotor function and neointimal formation. Angiotensin II is well 
known to increase oxidative stress and exaggerate neointimal formation after 
vascular injury.15 Indeed, angiotensin II infusion increased in-stent restensosis 
and decreased endothelial function. In both the presence and absence of co-
administration of angiotensin II, statin treatment attenuated in-stent restenosis 
and in parallel improves endothelial function. The observation that, even in a 
hostile environment with high levels of angiotensin II, statin therapy is still 
effective in reducing neo-intimal formation is important and warrants further 
research.  
These findings also indicate that in patients with an activated renin-angiotensin 
system, statins might be beneficial. Indeed, chronic heart failure patients have a 
highly activated renin angiotensin system. Therefore, we searched for the 
available clinical evidence existing in literature in chapter 10. Since statins 
were developed as cholesterol lowering drugs, we started to search for studies 
evaluating the association between cholesterol and outcome in patients with 
chronic heart failure. Surprisingly, most studies observed that lower, rather than 
higher serum cholesterol levels, were consistently associated with increased 
mortality rates in patients with chronic heart failure. We retrieved as many as 47 
clinical trials evaluating the efficacy of statin treatment compared to placebo in 
numerous patient categories, involving more than 100,000 patients in total. 
However, patients with chronic heart failure have been systematically excluded 
from these trials. Therefore, we feel that the effect of statin therapy in these 
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patients remains to be established. Few studies focussed on the efficacy of statin 
treatment in patients with chronic heart failure and none of them reported 
mortality data. Most of the surrogate endpoints reported were favourable for the 
use of statins. Next, we aimed to gain a better understanding of the possible 
effects of statin therapy in patients with chronic heart failure and provided an 
balanced overview of the relevant potential beneficial and detrimental 
consequences of statin therapy we should take in consideration. On the one 
hand, three lines of evidence points towards a harmful effect of statin treatment 
in chronic heart failure. First, as mentioned, in patients with chronic heart 
failure, lower cholesterol levels have been repeatedly related to worse outcome, 
possible related to the scavenger function of cholesterol for cardiodepressive and 
harmful endotoxins. Second, statins might interfere with the enzymatic 
isopentenylation of Sec-tRNA, resulting in selenoprotein deficiency. Third, statins 
in chronic heart failure might adversely affect mitochondrial function through 
inhibition of ubiquinone. On the other hand, evidence is accumulating pointing 
towards beneficial effects of statin treatment chronic heart failure. First, most 
animal experimental data suggest beneficial effects of statins on left ventricular 
function. Second, beneficial effects of statins demonstrated in non-chronic heart 
failure conditions, e.g. on vascular function, atherosclerosis, and left ventricular 
hypertrophy might also be beneficial in chronic heart failure. Third, clinical 
knowledge on statin treatment in chronic heart failure is generally favourable, 
but is primarily based on retrospective post-hoc studies performed in large-
clinical trials or small prospective studies with surrogate endpoints. Currently, 
we are awaiting the outcome of two large clinical trials evaluating the role of 
statins in patients with chronic heart failure.16, 17  
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