
 

 

 University of Groningen

C-reactive protein and albuminuria
Stuveling, Erik Marcel

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:
2004

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Stuveling, E. M. (2004). C-reactive protein and albuminuria: independent risk markers of renal and
cardiovascular disease. [Thesis fully internal (DIV), University of Groningen]. [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/9246b6dd-05c9-48f0-8ef0-ecf72c73d262


5

Introduction

Background

Cardiovascular disease continues to be the leading cause of death in industrialised countries, 

despite the annual decline in cardiovascular mortality.1 The incidence of end-stage renal disease 

in the population is low, however rising due to the increasing incidence of diabetes and prolonged 

survival after a first cardiovascular event.2 In contrast to the low incidence of end-stage renal 

disease, the prevalence of mild to moderate renal insufficiency is high. The National Health and 

Nutritional Examination Survey estimates the prevalence of renal insufficiency (glomerular 

filtration rate <60 ml/min/1.73 m2) around 10% among citizens of the United States.3,4 The 

incidence of mild renal disease is unknown, but may be high as well. 

The assessment of cardiovascular risk in primary prevention involves the determination 

of blood pressure, blood levels of lipids and glucose, and smoking status. In order to prevent 

renal disease progression, the evaluation of blood pressure, level of urinary protein excretion, 

serum lipids, plasma glucose and smoking status is advocated. Aside from their importance in 

diabetic nephropathy and primary renal disease progression, these risk factors also appear to be 

major determinants of kidney function in the general population as well. This has been shown for 

diabetes, hypertension, isolated systolic hypertension, smoking, obesity and physical inactivity 

in long-term population-based studies.5-8 Importantly, there seems to be a great overlap in the 

use of classical risk factors in renal and cardiovascular risk assessment.  

Unfortunately, much cardiovascular and renal risk remains unexplained with the use 

of classical risk factors. Therefore, the search for easy to obtain risk factors other than the 

conventional ones has recently gained much interest. A variety of novel biochemical risk markers 

have been proposed in order to identify subjects at increased risk. It is important to recognise 

that these risk markers are indirectly related to the presence of disease, whereas risk factors are 

assumed to be causally involved in disease progression. This thesis specifically focuses on two 

emerging risk markers, namely C-reactive protein and albuminuria.

How can we view the implementation of these markers in risk assessment? First, these risk 

markers may provide additive prognostic information about disease risk. Second, the prognostic 

information may be equal or better than provided by conventional risk factors. In other words, 

these risk markers add prognostic information beyond the information obtained by classical risk 

assessment. Third, as also occurred with blood pressure and lipids decades ago, treatment may 

be specifically targeted to the level of a specific risk marker in order to prevent disease. 

 All proposed risk markers, including C-reactive protein and albuminuria, have been sugges-

ted to indicate putative pathophysiological mechanisms of atherosclerotic vascular disease. 
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C-reactive protein, a member of the pentraxin family of proteins, is an acute-phase protein. C-

reactive protein is a sensitive, however non-specific marker of inflammation. It is secreted by 

the liver upon stimulation by cytokines, mainly interleukin-6. Its serum levels rise in case of 

tissue damage, infection and other inflammatory conditions. Since the half-life of this molecule 

is dictated by its production rate by the liver, and not by other body kinetics, elevated C-reactive 

protein represents a chronic low-grade inflammatory state.9 Slightly elevated C-reactive protein 

levels have been shown to increase the risk of cardiovascular disease.10,11 It is generally assumed 

that slightly elevated C-reactive protein levels are indicative of the inflammatory process within 

the atherosclerotic vessel wall. This hypothesis derives from the observation that inflammation 

plays a pivotal role in the initiation and progression of atherosclerosis.12 Thus, the role of C-reac-

tive protein seems quite convincing for cardiovascular disease progression. However, its role in 

renal disease progression is less well known. 

Albuminuria, even at levels considered to be normal, predicts cardiovascular mortality 

in diabetes, but also in apparently healthy subjects.13 Whether albuminuria is an indicator 

of cardiovascular disease in the general population is unknown. It is generally accepted that 

albuminuria reflects a generalised endothelial dysfunction leading to atherothrombotic events.14 

With respect to renal disease progression, albuminuria is a real classical risk marker, and probably 

even a risk factor.15 Slightly elevated levels of albuminuria, so-called microalbuminuria (i.e. 

albuminuria of 30-300 mg/24 hours), predict the development of macroproteinuria and renal 

functional disease progression in diabetes and hypertension.16-18 One important concept implies 

the deterioration of renal function after a period of relative hyperfiltration.17,19 Renal hyperfiltra-

tion is a compensatory mechanism by which intact nephrons try to maintain glomerular filtration 

rate after one or more renal insults. In this case, albuminuria is a result of renal hyperfiltration due 

to altered hemodynamic forces and increased fractional clearance of albumin. As renal disease 

progresses, renal function falls with a rise of urinary albumin. In non-diabetic subjects, we 

recently found evidence of this trend also: microalbuminuria related to hyperfiltration, whereas 

macroalbuminuria related to renal insufficiency.20 Thus, albuminuria plays an important role in 

renal and cardiovascular mortality, whereas its role in cardiovascular morbidity in the population 

is less well known. 

Aim of the thesis

The introduction of cardiovascular risk factors into clinical practice, as exemplified by blood 

pressure and cholesterol, has taken decades of basic and epidemiological research. Before 
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introducing novel risk markers into practice, the same road has to be pursued. This thesis 

places C-reactive protein and albuminuria into perspective as novel risk markers. From the 

pathophysiological perspective, both markers reflect intimately related components of the 

atherosclerotic disease process as described in the latter paragraphs. Therefore, it is interesting 

to study the associations and interrelationship of both markers with each other, relative to 

other risk factors and relative to disease outcome and mortality. From an epidemiological 

perspective, this thesis evaluates whether both markers (independently) add to the risk of renal 

and cardiovascular morbidity and mortality and whether they are explained by other factors. This 

approach paves the way for 1) a better understanding of the interrelation between these risk 

markers and their relative contribution to disease and 2) risk assessment.

Chapter 2 considers the associations between cardiovascular risk factors and C-reactive 

protein. The influence of albuminuria on these associations will be evaluated in order to assess 

whether these associations include a mechanistic pathway in which albuminuria is involved. 

Further, we recently showed that cardiovascular risk factors are differently associated with 

albuminuria in men and women.21 We also questioned whether the relationship between risk 

factors and C-reactive protein differs between the genders.

Blood pressure is the main determinant of microalbuminuria in basic and epidemiological 

studies. C-reactive protein is modestly associated with microalbuminuria at the epidemiological 

level. Regarding the overlap of both markers in atherosclerosis, we hypothesised that some 

effect-modifier obscures a stronger relationship. Therefore, we questioned whether C-reactive 

protein modifies the association between blood pressure and microalbuminuria in Chapter 3.

Whereas the relation between C-reactive protein and cardiovascular outcome is corroborated 

in a number of studies, it is unknown whether elevated C-reactive protein levels increase the risk 

of renal function abnormalities, i.e. diminished renal filtration as a marker of renal insufficiency 

and a relatively elevated filtration as a marker of renal hyperfiltration. In Chapter 4 therefore, we 

questioned whether elevated C-reactive protein levels are associated with these renal function 

abnormalities in the non-diabetic population. We also questioned whether this relation was 

additive to the risk held by albuminuria and other renal risk factors.

In Chapter 5 we further describe the relationship of C-reactive protein, albuminuria and 

vascular disease in the heart, kidney and peripheral arteries. We questioned whether both 

markers independently add to the risk of disease in these vascular domains or whether they are 

similar markers.

Classical risk factors are currently being used in risk tables in the setting of primary pre-

vention. Chapter 6 describes the value of C-reactive protein and albuminuria with respect to 

cardiovascular and non-cardiovascular mortality in the general population. This chapter also 
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evaluates whether both markers add to risk of mortality beyond the risk held by classical and 

other risk factors. If both markers add to the risk of mortality, this may have implications in the 

use of these markers in primary prevention. In future, primary prevention studies may then be 

developed specifically targeted to the level of C-reactive protein and/or albuminuria. Further, 

different pathophysiological pathways may be involved by which both markers increase the risk 

of mortality.

Chapter 7 is a review of the current literature concerning risk markers in general and their place 

in renal and cardiovascular risk prediction. It discusses the overlap in renal and cardiovascular risk 

factors and risk markers with respect to classical risk factors, C-reactive protein, albuminuria and 

many other novel markers. This review also gives an overview of the current evidence concerning 

drug effects aimed at reducing the level of a specific risk marker, in order to target treatment in 

future.

All investigations in this thesis have been performed within the scope of the Prevention of 

REnal and Vascular ENdstage Disease (PREVEND) study in Groningen, the Netherlands.  



99

References

(1)  Braunwald E. Shattuck lecture--cardiovascular medicine at the turn of the millennium: triumphs,   
 concerns, and opportunities. N Engl J Med. 1997;337:1360-1369.

(2)  Muntner P, Coresh J, Powe NR, Klag MJ. The contribution of increased diabetes prevalence and improved   
 myocardial infarction and stroke survival to the increase in treated end-stage renal disease. J Am Soc   
 Nephrol. 2003;14:1568-1577.

(3)  Clase CM, Garg AX, Kiberd BA. Prevalence of low glomerular filtration rate in nondiabetic Americans: Third  
 National Health and Nutrition Examination Survey (NHANES III). J Am Soc Nephrol. 2002;13:1338-1349.

(4)  Coresh J, Astor BC, Greene T, Eknoyan G, Levey AS. Prevalence of chronic kidney disease and decreased   
 kidney function in the adult US population: Third National Health and Nutrition Examination Survey. Am J  
 Kidney Dis. 2003;41:1-12.

(5)  Klag MJ, Whelton PK, Randall BL et al. Blood pressure and end-stage renal disease in men. N Engl J Med.   
 1996;334:13-18.

(6)  Young JH, Klag MJ, Muntner P et al. Blood pressure and decline in kidney function: findings from the   
 Systolic Hypertension in the Elderly Program (SHEP). J Am Soc Nephrol. 2002;13:2776-2782.

(7)  Haroun MK, Jaar BG, Hoffman SC et al. Risk factors for chronic kidney disease: a prospective study of   
 23,534 men and women in washington county, Maryland. J Am Soc Nephrol. 2003;14:2934-2941.

(8)  Stengel B, Tarver-Carr ME, Powe NR, Eberhardt MS, Brancati FL. Lifestyle factors, obesity and the risk of   
 chronic kidney disease. Epidemiology. 2003;14:479-487.

(9)  Vigushin DM, Pepys MB, Hawkins PN. Metabolic and scintigraphic studies of radioiodinated human C-  
 reactive protein in health and disease. J Clin Invest. 1993;91:1351-1357.

(10) Liuzzo G, Biasucci LM, Gallimore JR et al. The prognostic value of C-reactive protein and serum amyloid a  
 protein in severe unstable angina. N Engl J Med. 1994;331:417-424.

(11) Danesh J, Collins R, Appleby P, Peto R. Association of fibrinogen, C-reactive protein, albumin, or leukocyte  
 count with coronary heart disease: meta-analyses of prospective studies. JAMA. 1998;279:1477-1482.

(12) Ross R. Atherosclerosis an inflammatory disease. N Engl J Med. 1999;340:115-126.

(13) Hillege HL, Fidler V, Diercks GF et al. Urinary albumin excretion predicts cardiovascular and    
 noncardiovascular mortality in general population. Circulation. 2002;106:1777-1782.

(14) Deckert T, Feldt-Rasmussen B, Borch-Johnsen K, Jensen T, Kofoed-Enevoldsen A. Albuminuria reflects   
 widespread vascular damage. The Steno hypothesis. Diabetologia. 1989;32:219-226.

(15) Remuzzi G, Bertani T. Pathophysiology of progressive nephropathies. N Engl J Med. 1998;339:1448-1456.

(16) Mogensen CE. Microalbuminuria predicts clinical proteinuria and early mortality in maturity-onset   
 diabetes. N Engl J Med. 1984;310:356-360.

(17) Nelson RG, Bennett PH, Beck GJ et al. Development and progression of renal disease in Pima Indians with  



1010

 non- insulin-dependent diabetes mellitus. Diabetic Renal Disease Study Group. N Engl J Med. 1996;335:  
 1636-1642.

(18)  Bigazzi R, Bianchi S, Baldari D, Campese VM. Microalbuminuria predicts cardiovascular events and renal   
 insufficiency in patients with essential hypertension. J Hypertens. 1998;16:1325-1333.

(19)  Brenner BM, Meyer TW, Hostetter TH. Dietary protein intake and the progressive nature of kidney disease:  
 the role of hemodynamically mediated glomerular injury in the pathogenesis of progressive glomerular  
 sclerosis in aging, renal ablation, and intrinsic renal disease. N Engl J Med. 1982;307:652-659.

(20)  Pinto-Sietsma SJ, Janssen WM, Hillege HL et al. Urinary albumin excretion is associated with renal   
 functional abnormalities in a nondiabetic population. J Am Soc Nephrol. 2000;11:1882-1888.

(21)  Verhave JC, Hillege HL, Burgerhof JG et al. Cardiovascular risk factors are differently associated with   
 urinary albumin excretion in men and women. J Am Soc Nephrol. 2003;14:1330-1335.

 








