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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.  
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Abstract

Background. The aim of the present study was to study, first, whether C-reactive protein (CRP) 

levels differ between genders. Second, to explore which cardiovascular (CV) risk factors, including 

urinary albumin excretion (UAE), are associated with an elevated CRP level and third, whether 

these associations differ between men and women.

Methods and Results. The association between CV risk factors and CRP was studied in 3,969 men 

and 3,757 women. Risk factors studied were higher age, hypertension, hypercholesterolemia, 

measures of obesity, smoking, positive family history for CV disease, UAE, and the use of oral 

contraceptives (OC) and hormone replacement therapy (HRT) in women. CRP and UAE were 

dichotomised into the lowest four quintiles and the highest quintile stratified for gender. In a 

multivariate analysis, the use of OC (OR 3.6 [2.7-4.6]), BMI >30 kg/m2 (2.6 [2.0-3.5]) and abdominal 

obesity (2.7 [2.1-3.5]) contributed most strongly to an elevated CRP in women. In men, smoking 

(2.3 [1.9-2.8]) was, besides age (1.9 [1.5-2.3]), the most predominant factor contributing to an 

elevated CRP. These associations did not change when including UAE in the model.

Conclusions. We conclude that the risk factors contributing to an elevated CRP differ between 

men and women. This is probably due to hormonal and obesity-related factors. CRP and UAE may 

reflect different pathways leading to CV disease.

Introduction

Various risk factors are known to contribute to an increased risk of cardiovascular (CV) morbidity 

and mortality, such as for example hypertension, diabetes, obesity, hyperlipidemia and smoking. 

It is however not clear yet, which patient will suffer from these risk factors and which will not. At 

present therefore, much attention focuses on the determination of risk markers, which can be 

considered as surrogate end points of early atherosclerotic damage. To that purpose, C-reactive 

protein (CRP),1-4 fibrinogen,5 urinary albumin excretion (UAE),3,4,6 and carotid intima thickness7 are 

being used. 

Elevated CRP levels8-13 as well as microalbuminuria14-18 indeed have been found in association 

with older age, hypertension, diabetes, obesity, hyperlipidemia, the insulin resistance syndrome, 

and smoking, as well as oral contraceptive use and hormone replacement therapy. An elevated CRP 

level is suggested to reflect vascular low-grade inflammation characteristic of atherosclerosis,2 while 

microalbuminuria seems more to be a marker of generalised vascular or endothelial damage.19

CV morbidity and mortality are more prevalent in men than in women.20 The exact mechanism of 
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this difference between the genders is not known. It may be related to a higher prevalence of known 

CV risk factors in men, but also to a difference in susceptibility for these risk factors. Interestingly 

however, CRP has been found higher in women than in men.13 The aim of the present study was 

therefore, first to study whether CRP indeed differs between the genders, second, to explore which 

CV risk factors, including UAE, are associated with an elevated CRP level and third, whether these 

associations differ between men and women. 

Methods

Study Population

This study is part of the ongoing ‘PREVEND’ study (Prevention of REnal and Vascular ENd 

stage Disease), in the city of Groningen, the Netherlands. All inhabitants, aged 28-75 years 

(n=85,421), were asked to send in a morning urine sample and to fill out a short questionnaire 

on demographics and CV history. 40,856 subjects (47.8%) responded. Our actual study cohort 

was derived from this cohort and based on all subjects with a urinary albumin concentration 

of ≥10mg/L (n=7,768) in their morning urine together with a randomly selected control group 

with a urinary albumin concentration of <10 mg/L (n=3,395). Details of this protocol have been 

described elsewhere.18,21 In total 11,163 subjects were invited to the outpatient clinic, of which 

8,592 subjects completed the screening program. Subjects using insulin or pregnant women were 

excluded from participation in this screening program. The study was approved by the medical 

ethics committee and conducted in accordance with the guidelines of the declaration of Helsinki. 

All participants gave written informed consent.

Study Design

The screening program in the outpatient clinic consisted of two visits. At the first visit, participants 

completed a self-administered questionnaire regarding demographics, CV and renal history, and 

the use of blood pressure and lipid lowering drugs. After removal of shoes and heavy clothing, 

weight was measured to the nearest 0.5 kg with a Seca balance scale (Seca Vogel & Halke GmbH 

& Co., Hamburg, Germany). Height was measured to the nearest 0.5 cm. Waist circumference was 

measured between the superior iliac crest and the lowest rib to the nearest 0.5 cm. At both visits, 

blood pressure was measured in supine position, every minute, for 10 and 8 minutes respectively, 

with an automatic Dinamap XL Model 9300 series monitor (Johnson-Johnson Medical INC, Tampa, 

Florida, USA). Subjects were asked to collect 24-hour urine on two consecutive days in the last 
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week before the second visit. The subjects were given oral and written instructions on how to 

collect 24-hour urine and they were instructed to postpone urine collection in case of fever, 

urinary tract infection, and menstruation. Furthermore, they were asked to refrain as far as 

possible from heavy exercise during the collection period. The subjects were asked to store the 

urine cold (4°C) for a maximum of four days prior to the second visit. Measurements of urinary 

volume and albumin concentration were performed on each collection. At the second visit, blood 

was drawn after an overnight fast, for determination of plasma glucose, serum C-reactive protein 

and cholesterol. Community pharmacy data on the use of contraceptive drugs and hormone 

replacement therapy were collected for each subject as described previously.22 

Calculations 

Systolic and diastolic blood pressure was calculated as the mean of the last two measurements 

of the two visits. Body mass index (BMI) was calculated as the ratio between weight and the 

square of height (kg/m2). Urinary albumin excretion is given as the mean of the two 24-hour urine 

excretions (mg/24hr). 

Laboratory Methods

High sensitive C-reactive protein was measured by nephelometry with a threshold of 0.18 mg/L 

and intra-and interassay coefficients of variation of <4.4 and <5.7%, respectively (BNIIN, Dade 

Behring, Marburg, Germany). Urinary albumin concentration was determined by nephelometry 

with a threshold of 2.3 mg/L and intra- and inter-assay coefficients of variation of <2.2% and 

<2.6%, respectively (Dade Behring, Marburg, Germany). Plasma glucose and serum cholesterol 

were determined by Kodak Ektachem dry chemistry (Eastman Kodak, Rochester, New York, 

USA). Urinary leukocyte and erythrocyte measurements were done by Nephur-test+leuco sticks 

(Boehringer Mannheim, Mannheim, Germany). 

Data handling and definitions 

In the present analysis we excluded 451 subjects because of erythrocyturia or leukocyturia 

(erythrocytes >50 cells/mm3 or leukocytes >75 cells/mm3, or leukocytes = 75 cells/mm3 and 

erythrocytes >5 cells/mm3). In 415 subjects, CRP could not be measured. All together, 7,726 

subjects were eligible for this analysis.

Risk factors studied were higher age, hypertension, anti-hypertensive therapy, measures of 
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obesity, hypercholesterolemia, statin use, myocardial infarction, diabetes, positive family history 

for CV disease, smoking and UAE, as well as the use of hormone replacement therapy (HRT) and 

oral contraceptive drug use in women. Higher age was defined as an age of >50 years (median 49 

years). Hypertension was defined as a systolic blood pressure ≥140 mmHg or a diastolic blood 

pressure of ≥90 mmHg. Obesity was defined as a body mass index of >30 kg/m2.23 Increased 

central fat distribution (abdominal obesity) was defined as a waist circumference of ≥102 cm in 

men and ≥88 cm in women.23 Hypercholesterolemia was defined as a plasma cholesterol of ≥6.5 

mmol/L. A history of myocardial infarction was considered present if the subject reported having 

been hospitalised for at least three days due to that condition. Diabetes was defined as fasting 

plasma glucose levels ≥7.0 mmol/L, or non-fasting plasma glucose levels ≥11.1 mmol/L or the 

use of oral anti-diabetic drugs.24 The history for CV disease was found positive when a first-grade 

relative had experienced a CV event before 55 years of age. Smokers were defined as currently 

smoking or quit smoking within the last year.

Oral contraceptives were defined as preparations containing ethinylestradiol and a progestin. 

Hormone replacement therapy was defined as oral preparations containing conjugated estrogens 

or estradiol valerate, or transdermal preparations containing estradiol. Vaginal preparations 

containing estriol or dienestriol were not considered hormone replacement therapy.

Statistical analysis

Continuous data are reported as mean with standard deviation. In case of a skewed distribution, 

the median and its interquartile range are presented. CRP and UAE were categorised into quintiles 

based on cut-off points stratified for gender. CV risk factors were compared over various ranges 

of CRP separately for gender and subsequently between men and women. The untransformed 

distributions of CRP and UAE were skewed; therefore, natural logarithmic transformation was 

applied before further analyses. Significance levels were determined by one way analysis of 

variance in case of Gaussian distributions and by Mann-Whitney rank sum test in case of non-

Gaussian distributions. Chi square analysis or Fisher’s exact test were carried out when appropriate. 

In addition, interactions between gender, the level of CRP and the studied risk factor were tested 

in the entire population with a two way ANOVA or Breslow-Day and Tarone’s statistics for testing 

the homogeneity of the common odds ratio when appropriate. The P value for testing inequality 

among groups was computed. The level of significance was determined at alpha <0.05. 

Logistic regression analysis was used in men and women separately. CRP was dichotomised 

into the lowest four quintiles against the highest quintile, adjusted for age and sex, adjusted for 

all risk factors without UAE, and adjusted for all risk factors including UAE to find the strongest 
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determinants of an increased CRP level. Finally, a multivariate logistic regression analysis, 

including variables for interaction between the genders and other CV risk factors, was performed. 

SPSS for Windows 10.0 was used for all statistical analyses.

Results

The sample comprised 3,969 men and 3,757 women. The characteristics of these subjects 

stratified for gender are summarised in Table 1. Among the continuous variables, age, blood 

pressure, BMI, waist circumference, plasma cholesterol, glucose and UAE were higher in men than 

in women, whereas CRP was slightly higher in women. Risk factors were generally more prevalent 

in men than in women, except for the prevalence of an elevated CRP, and obesity, in particular 

abdominal obesity, which were higher in women. The prevalence of smoking and a positive family 

history for CV disease did not differ between men and women.

Figure 1 shows the association between UAE and CRP in men and women separately. UAE 

is divided into 20-tiles and median CRP values for the corresponding percentile are presented. 

A higher UAE was associated with a higher CRP in both genders. For a given UAE, CRP levels 

were higher in women than in men. Gender-specific characteristics classified according to CRP 

quintiles are presented in table 2. The percentage of subjects with a certain CV risk factor varied 

widely across the various CRP quintiles, with increasing prevalences of all risk factors in both 

genders in the higher CRP quintiles (P values <0.05), except for HRT in women (P=0.131). The 

association between a number of risk factors with an elevated CRP differed between gender: 

older age increased more in men (from 21.6% to 65.1%) than in women (from 21.8% to 45.2%; 

P<0.001), actual smokers increased more in men (from 24.1% to 51.5%) than in women (from 

33.5 to 39.9%; P<0.001). Also, the percentage of subjects with elevated UAE increased more in 

men than in women (from 8.3 to 34.6% and from 12.9 to 29.6%; P=0.004) On the other hand, the 

percentage of obesity and abdominal obesity increased more in women (from 9.5 to 56.2% and 

from 2.1% to 36.4%) than in men (from 5.0 to 37.2% and from 3.1% to 23.8%; both P<0.001). 

Table 3 presents the results of the gender-specific multivariate analysis examining the 

association of the CV risk factors of interest with an elevated CRP level. It first shows that in men 

most CV risk factors were independently associated with an increased risk of having an elevated 

CRP level (if confidence interval is OR ≥1). Statin use was associated with a lower risk of having 

an elevated CRP. In women, age, antihypertensive medication, high cholesterol levels, statin use, 

history of myocardial infarction, a positive family history for CV disease, HRT use and an elevated 

UAE were not associated with an increased CRP level. It second shows that in women, the use of 
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oral contraceptives (OR 3.6 [2.7-4.6]), obesity (2.6 [2.0-3.5]) and abdominal obesity (2.7 [2.1-3.5]) 

were the risk factors that most strongly contributed to an increased risk for an elevated CRP, also 

expressed by the Wald statistic. In contrast, smoking (2.3 [1.9-2.8]) and older age (1.9 [1.5-2.3]) 

were the most important risk factors associated with a CRP in the upper quintile in men. The table 

finally shows that increased UAE was also associated with an increased CRP, but that adding UAE 

into the model did not significantly influence the association between any of the risk factors and 

CRP. 

Table 4 shows the results of the multivariate logistic regression analysis for the complete 

data set, including variables for interaction between gender and the CV risk factors. We observed 

interactions between gender and age, gender and smoking, and gender and measures of obesity. 

These interactions are graphically depicted in figure 2. In this figure, males without the risk factor 

of interest are taken as the reference category (OR=1, front bar). It shows that an elderly male was 

~2-fold as likely to have an elevated CRP compared to women (2a). Smoking males were ~2-fold 

as likely to have an elevated CRP level compared to non-smoking women (2b). Compared to a non-

obese male, peripheral and abdominal obese females were ~2.5-fold as likely to have an elevated 

CRP level (2c, 2d). To explore effect modification by post-menopausal status, we have conducted 

a stratified analysis controlling for age. The calculated adjusted estimates were roughly the same 

for both men and women.

Figure 1. Association between urinary albumin excretion and C-reactive protein levels in males and females. 
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Table 1. Characteristics of the study cohort, divided for men and women.

Risk factors Male Female Total

(n=3969) (n=3757) (n=7726) P value†

Continuous variables

Age, yr 50.2 ± 12.9 47.8 ± 12.2 48.0 ±12.6 <0.001

Systolic blood pressure, mmHg 133.6 ± 18.5 124.0 ± 20.8 129.0 ± 20.2 <0.001

Diastolic blood pressure, mmHg 76.8 ± 9.5 71.0 ± 9.1 74.0 ± 9.8 <0.001

Body mass index, kg/m2 26.3 ± 3.7 25.8 ± 4.7 26.0 ± 4.2 <0.001

Waist circumference, cm 93.8 ± 11.1 82.8 ± 12.5 88.5 ± 13.0 <0.001

Cholesterol, mmol/L 5.7 ± 1.1 5.6 ± 1.1 5.6 ± 1.1 0.001

Glucose, mmol/L 5.0 ± 1.3 4.7 ± 1.1 4.9 ± 1.2 <0.001

CRP, mg/L 1.2 (0.6-2.7) 1.3 (0.5-3.2) 1.3 (0.2-2.9) <0.008

UAE, mg/24hr 11.5 (6.8-22) 8.1 (5.7-14) 9.2 (6.2-17.2) <0.001

Dichotomous variables

Age >50 years, % 46.1 38.4 42.4 <0.001

SBP ≥140 and/or DBP ≥90, % 32.5 21.1 27.0 <0.001

Antihypertensive medication, % 12.8 11.0 11.9 0.016

Obesity, % 14.3 16.1 15.1 0.030

Abdominal obesity, % 23.0 31.5 27.1 <0.001

Cholesterol ≥6.5 mmol/L 25.3 23.7 24.5 0.100

Statin use, % 5.8 3.8 4.8 0.001

Myocardial infarction, % 8.5 4.0 6.4 <0.001

Diabetes mellitus, % 4.4 3.1 3.8 0.003

Family history, % 22.9 22.0 22.5 0.402

Smoking, % 37.7 37.3 37.5 0.724

Oral contraceptives, % 0 19.2 9.7 -

Hormone replacement therapy, % 0 3.5 1.8 -

Highest CRP quintile, % 18.3 21.7 20.0 <0.001

Highest UAE quintile, % 25.4 14.3 20.0 <0.001

Mean (standard deviation) and median values (25th-75th percentile) are presented in case of normal and skewed 

distributions, respectively. CRP = C-reactive protein, UAE = urinary albumin excretion, SBP = systolic blood pressure, 

DBP = diastolic blood pressure. † P value indicates whether means, medians or prevalence of a certain risk factor 

differs between men and women.
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Discussion

We showed that the level of CRP in blood is higher in women than in men. Most of the CV risk 

factors were associated with an increased CRP level, but clear differences exist between the 

genders. In women, the use of oral contraceptives and measures of obesity had the highest 

impact, while in men, besides age, smoking, was the most important determinant of a higher CRP. 

We moreover showed that CRP levels increased with a higher UAE, but that the presence of an 

increased albumin excretion did not change the association between CV risk factors and CRP. We 

hypothesize that the association between CV risk factors and CRP does not include a mechanistic 

pathway in which UAE is involved. 

Our findings that CRP levels were higher in women than in men is consistent with other 

data in the literature.11,13 This is of interest, since CV risk factors were generally more prevalent 

in men than in women. In line with our data, a recent report among US women not taking HRT 

Table 2 (males). Characteristics of the study cohort, divided by C-reactive protein, for men and women 

separately.

Risk factors CRP level (mg/L)

< 0.46 0.47-0.91 0.92-1.63 1.64-3.30 > 3.31 P value† P value‡

Male

N 783 801 795 797 793

Age >50 y, % 21.6 36.2 49.7 57.6 65.1 <0.001 <0.001

SBP ≥140 and/or DBP ≥90, % 15.3 26.8 34.6 40.2 45.5 <0.001 0.325

Antihypertensive medication, % 4.7 6.8 12.8 17.8 21.9 <0.001 0.216

Obesity, % 3.1 9.9 13.1 21.4 23.8 <0.001 <0.001

Abdominal obesity, % 5.0 16.1 24.2 32.2 37.2 <0.001 0.002

Cholesterol ≥6.5 mmol/L 13.8 21.7 28.7 28.8 33.3 <0.001 0.449

Statin use, % 3.4 5.0 6.4 6.5 7.4 0.022 0.926

Myocardial infarction, % 5.3 5.2 6.7 11.0 14.6 <0.001 0.209

Diabetes mellitus, % 1.2 1.8 3.7 4.9 7.5 <0.001 0.740

Family history, % 19.8 20.1 22.1 25.7 27.1 0.003 0.999

Smoking, % 24.1 32.5 36.9 43.1 51.5 <0.001 <0.001

Highest UAE quintile, % 8.3 13.5 18.5 25.1 34.6 <0.001 0.004

† P value indicates significance level of the association between a risk factor and CRP (one way ANOVA test for 

continuous variables or chi square test in case of dichotomous variables). ‡ P value indicates the significance level of 

the interaction between gender, risk factor and the level of CRP (Breslow-Day and Tarone’s statistics).
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Table 2 (females). Characteristics of the study cohort, divided by C-reactive protein, for men and women 

separately.

Risk factors CRP level (mg/L)

<0.44 0.44-0.92 0.93-1.81 1.82-3.92 >3.92 P value†

Female

N 744 753 754 755 750

Age >50 y, % 21.8 33.6 44.3 47.0 45.2 <0.001

SBP ≥140 and/or DBP ≥90, % 8.1 15.3 23.1 24.4 34.7 <0.001

Antihypertensive medication, % 2.7 7.0 13.2 14.0 18.0 <0.001

Obesity, % 2.0 5.4 15.2 21.2 36.3 <0.001

Abdominal obesity, % 9.5 17.7 32.0 41.8 56.2 <0.001

Cholesterol ≥6.5 mmol/L 14.5 20.6 25.5 29.5 28.2 <0.001

Statin use, % 2.4 2.6 4.6 4.5 4.7 0.044

Diabetes mellitus, % 0.5 1.2 2.0 3.8 8.0 <0.001

Myocardial infarction, % 3.8 2.7 3.3 5.0 5.4 0.015

Family history, % 19.1 19.2 21.2 25.1 25.5 0.007

Smoking, % 33.5 35.8 37.7 39.7 39.9 0.039

Oral contraceptives, % 11.4 12.9 18.0 23.5 29.7 <0.001

Hormone replacement therapy, % 2.3 3.1 3.6 4.8 3.7 0.131

Highest UAE quintile, % 12.9 15.1 19.8 22.5 29.6 <0.001

† P value indicates significance level of the association between a risk factor and CRP (one way ANOVA test for 

continuous variables or chi square test in case of dichotomous variables).

also showed that waist circumference, blood pressure, but not age and smoking status most 

prominently associated with an elevated CRP.25 In a separate analysis, the same author earlier 

showed that, among US men aged >20 years, CRP levels did increase with advancing age and 

current smoking,26 which is also in line with our report. However, interactions could not be 

performed in these studies.

Our finding that the use of oral contraceptives is the strongest determinant of a higher CRP is 

noteworthy. In one study by Doring et al, third generation oral contraceptive use was associated 

with an elevated CRP.27 It suggests that the difference in hormonal situation between men 

and women partially explain the higher CRP in women. This finding is the more relevant, as the 

prevalence of CV risk factors was mostly lower in women than in men.

The association between higher age and CRP was stronger in men than in woman. Apparently, 
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Table 3 (males). Gender-specific logistic regression analysis relating cardiovascular risk factors to an 

increased C-reactive protein.

Risk factors Crude Age adjusted Multivariate 

without UAE

Multivariate with 

UAE

Wald 

statistic

Male

Age >50 yr 2.6 (2.2-3.1) 2.0 (1.6-2.5) 1.9 (1.5-2.3) 29.1

SBP ≥140 and/or DBP ≥90 2.0 (1.7-2.4) 1.5 (1.3-1.8) 1.3 (1.0-1.6) 1.2 (0.9-1.5) 2.2

Antihypertensive medication 2.4 (1.9-2.9) 1.7 (1.4-2.1) 1.3 (1.0-1.7) 1.3 (1.0-1.7) 2.7

Obesity 2.3 (1.9-2.8) 2.1 (1.7-2.6) 1.4 (1.0-1.9) 1.4 (1.0-1.9) 3.7

Abdominal obesity 2.5 (2.0-2.9) 2.0 (1.7-2.4) 1.5 (1.1-2.0) 1.4 (1.1-1.9) 6.3

Cholesterol ≥6.5 mmol/L 1.6 (1.4-1.9) 1.4 (1.2-1.7) 1.4 (1.1-1.8) 1.4 (1.1-1.8) 7.0

Statin use 1.4 (1.0-1.9) 1.1 (0.8-1.5) 0.7 (0.4-1.1) 0.7 (0.4-1.1) 3.0

Myocardial Infarction 2.3 (1.8-2.9) 1.7(1.3-2.2) 1.5 (1.1-2.2) 1.4 (1.0-2.0) 4.8

Diabetes 3.5 (2.6-4.8) 2.5 (1.8-3.5) 2.6 (1.7-3.8) 2.3 (1.5-3.4) 16.2

Family history 1.2 (1.0-1.5) 1.2 (1.0-1.5) 1.2 (0.9-1.5) 1.2 (0.9-1.5) 1.7

Smoking 2.0 (1.7-2.4) 2.3 (1.9-2.7) 2.4 (1.9-2.9) 2.3 (1.9-2.8) 63.7

Highest UAE quintile UAE 2.5 (2.0-2.9) 2.1 (1.8-2.6) 1.8 (1.4-2.2) 21.8

Crude, age adjusted and multivariate gender-specific logistic regression models with and without elevated UAE in 

the model relating CV risk factors to the risk of having an elevated CRP level for that specific risk factor. The Wald 

statistic indicates the strength of the association.

in men, CRP levels rise with age. In women, some confounding factors may play a role. It may well 

be that menopausal status is major player: CRP is likely to be increased in pre-menopausal women 

due to their endogenous estrogen status (including OC use), while in postmenopausal women the 

effect of risk factors and ageing will likely yield increments of CRP. Indeed, after controlling for 

CV risk factors and OC use, the risk of having an elevated CRP level was found equal between 

younger and elderly women (figure 2a). In another study by Sites et al, CRP did not differ by 

menopausal status either.28 To partly overcome the possibility of confounding by menopausal 

status, we stratified our analyses for age. This method however, did not change the associations 

as well as the observed interactions.

The finding that obesity contributes most importantly to a higher CRP in women is supported 

by data from three other studies that showed a stronger association between BMI and CRP in 

women when compared with men.13,29,30 Obesity, and more specifically abdominal obesity, is an 

important hallmark of the insulin resistance syndrome. Interestingly, obesity as measured by 
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Table 3 (females). Gender-specific logistic regression analysis relating cardiovascular risk factors to an 

increased C-reactive protein.

Risk factors Crude Age adjusted Multivariate 

without UAE

Multivariate 

with UAE

Wald 

statistic

Female

Age >50 yr 1.4 (1.2-1.7) 1.0 (0.8-1.4) 1.0 (0.8-1.4) 0.10

SBP ≥140 and/or DBP ≥90 2.5 (2.0-2.9) 2.4 (1.9-2.9) 1.7 (1.3-2.2) 1.7 (1.3-2.2) 13.9

Antihypertensive medication 2.2 (1.7-2.7) 2.0 (1.6-2.5) 1.1 (0.8-1.5) 1.1 (0.8-1.5) 0.5

Obesity 4.6 (3.8-5.6) 4.5 (3.7-5.4) 2.6 (2.0-3.5) 2.6 (2.0-3.5) 44.3

Abdominal obesity 3.8 (3.2-4.5) 3.8 (3.2-4.6) 2.7 (2.1-3.5) 2.7 (2.1-3.5) 54.1

Cholesterol ≥6.5 mmol/L 1.4 (1.1-1.6) 1.2 (1.0-1.5) 1.1 (0.7-1.5) 1.1 (0.9-1.5) 0.8

Statin use 1.3 (0.9-2.0) 1.1(0.8-1.7) 1.1 (0.6-1.9) 1.1 (0.6-1.9) 0.1

Myocardial Infarction 1.5 (1.0-2.2) 1.4 (1.0-2.1) 1.4 (0.9-2.3) 1.4 (0.9-2.3) 2.0

Diabetes Mellitus 4.5 (3.1-6.5) 4.0 (2.7-5.9) 2.0 (1.2-3.3) 2.0 (1.2-3.2) 7.1

Family History 1.3 (1.0-1.6) 1.3 (1.0-1.5) 1.1 (0.9-1.4) 1.1 (0.9-1.4) 0.5

Smoking 1.1 (1.0-1.4) 1.2 (1.0-1.4) 1.5 (1.2-1.9) 1.5 (1.2-1.9) 14.5

Oral contraceptives 2.1 (1.8-2.6) 3.1 (2.5-3.8) 3.6 (2.7-4.7) 3.6 (2.7-4.6) 85.2

Horm.replacement therapy 1.1 (0.7-1.7) 0.9 (0.6-1.5) 1.3 (0.8-2.3) 1.3 (0.8-2.2) 1.0

Highest UAE quintile 1.9 (1.6-2.4) 1.9 (1.6-2.3) 1.1 (0.8-1.4) 0.3

Crude, age adjusted and multivariate gender-specific logistic regression models with and without elevated UAE in 

the model relating CV risk factors to the risk of having an elevated CRP level for that specific risk factor. The Wald 

statistic indicates the strength of the association.

BMI as well as waist circumference contributed most strongly to an elevated CRP in women as 

compared to men. This may be due to 1) a gender difference in the sensitivity of these measures 

of obesity to detect a surplus of overall and intra-abdominal fat or 2) a true gender-related 

difference in the relation between body fat and inflammatory cytokines. In the former case, it 

has been shown that for a given BMI, women have a higher percentage of total body fat relative 

to men.31 Whether this holds true for waist circumference in relation to abdominal fat mass is 

uncertain. In the second case, the presence of an increased intra-abdominal fat mass in women 

may indicate a more pronounced state of insulin resistance relative to men, expressed as a 

concomitant rise of inflammatory proteins. Interestingly, recent data showed that females who 

were overweight or had a higher abdominal fat mass had an increased risk for hyperleptinemia as 

compared to men as well.32 
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The finding that smoking is the most important determinant of an increased CRP in men 

is in agreement with data from Folsom et al, who showed that smoking was associated with an 

increased CRP in men but not in women.11 However, conflicting data is coming from other studies 

showing CRP to be associated with smoking in women also, independent of other factors.33 

The finding that oral contraceptive use, but not HRT, was related to an elevated CRP level is 

noteworthy. Most placebo-controlled studies clearly show an increase in CRP levels during HRT 

use over time.34,35 This increase may be non-specific and unrelated to CV risk, since other markers 

of atherosclerosis show a decrease during HRT therapy.35 Reasons for the absence of a relation 

between HRT and CRP in our study may be related to the cross-sectional design of the study and 

the low prevalence of HRT use in our female cohort. 

Table 4. Multivariate logistic regression analysis: gender interactions. 

Risk factors B S.E. P

Age >50 yr 0.642 0.111 <0.001

Female -0.166 0.159 0.296

SBP ≥140 and/or DBP ≥90 0.308 0.087 <0.001

Antihypertensive medication 0.187 0.107 0.080

Obesity 0.326 0.159 0.040

Abdominal obesity 0.368 0.139 0.008

Cholesterol ≥6.5 mmol/L 0.229 0.091 0.011

Statin use -0.182 0.175 0.298

Myocardial infarction 0.380 0.137 0.006

Diabetes 0.776 0.159 <0.001

Family history 0.113 0.085 0.184

Smoking 0.858 0.104 <0.001

Oral contraceptives 1.265 0.137 <0.001

Hormone replacement therapy 0.243 0.277 0.379

UAE highest quintile 0.333 0.087 <0.001

Female * Age >50 y -0.599 0.165 <0.001

Female * Obesity 0.640 0.215 0.003

Female * Abdominal obesity 0.601 0.192 0.002

Female * Smoking -0.457 0.151 0.002

Constant -2.654 0.109 <0.001

All variables are indexed as 0 and 1 (eg. male = 0 vs female=1, non-obese = 0 vs obesity=1 et cetera). B = β-coefficient, 

S.E.=standard error of B.
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We, in addition, found that the associations between the known CV risk factors and CRP hardly 

changed when adding urinary albumin excretion in the model, neither in men nor in women. It 

has been shown that CRP and UAE independently predict CV mortality in (pre)-diabetic subjects,36 

which supports the concept of differentially involved pathways. This may be of clinical relevance 

because treatment can be focused on interventions that will result in a lowering of CRP levels or on a 

lowering of UAE. The present cross-sectional data raise the question whether correction of obesity 

and cessation of smoking will be the most effective method to correct elevated CRP,37 whereas it is 

well known that antihypertensive treatment is the most effective method for reducing UAE.

The necessity of a specific gender dependent cut-off level to optimise CV risk assessment 

has been discussed in a number of recent reports.25,26,38,39 Considering the slight difference in 

CRP levels between men and women, the use of a gender-specific cut-off point may be argued. 

Although CRP levels were quite similar, our results however show that age and risk factors clearly 

relate differently to CRP between the genders. This may have profound implications in CV risk 

assessment if CRP is included.

Of course, our study is only of a cross-sectional character. We found associations, but cannot 

conclude to a cause and effect phenomenon. In that respect we have to await the long-term 

follow-up of our subjects who are presently seen 4 years after the initial screening. We hope to 

confirm that during that follow-up period some CV risk factors will result more in a rise in CRP 

and that other risk factors will be associated with the development of an increased UAE, and 

that these changes over time are different for men and women. We also should realise that our 

cohort is not an aselect sample of the general population, but is enriched for the presence of an 

elevated UAE.21 In our opinion, this however, does not distract from our conclusions. Our data were 

obtained from a large group of a wide age range, which makes the analyses robust. Moreover, it is 

a well-defined population with respect to the presence of CV risk factors. 

In conclusion, CRP levels are higher in women than in men. The risk factors associated with 

an elevated CRP are different for men and women. In women, the use of oral contraceptives 

and measures of obesity were the strongest risk factors associated with a high CRP, while in 

men smoking is, besides age, the most important contributor to an elevated CRP. The presence 

of interaction terms with gender indicates that the impact of CV risk factors on CRP should 

be considered separately for both genders. Our data suggest that the difference in hormonal 

situation between men and women may explain higher CRP levels in women. 
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Figure 2a-d. Interactions: gender, risk factors and the risk of having an elevated C-reactive protein level.

a) Interaction between gender*age with the level of CRP

b) Interaction between gender*obesity with the level of CRP

c) Interaction between gender*abdominal obesity with the level of CRP

d) Interaction between gender*smoking with the level of CRP
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Abstract

Background. C-reactive protein (CRP) and microalbuminuria reflect intimately related components 

of the atherosclerotic disease process. Epidemiological studies found only modest associations 

between CRP and microalbuminuria. Blood pressure, one of the components of the metabolic 

syndrome in the general population, is the main determinant of microalbuminuria in diabetes 

and hypertension. We questioned whether CRP modifies the relation of blood pressure and 

other CV risk factors with microalbuminuria in a cross-sectional study in 8,592 inhabitants from 

Groningen, the Netherlands.

Methods and Results. The crude data showed an increase in the prevalence of microalbuminuria 

with increasing CRP quartiles (4.8, 9.6, 14.5 and 18.6%, P<0.0001). Upon stratification for 

cardiovascular risk factors, the data revealed a significant and positive interaction between mean 

arterial pressure (MAP) and quartiles of CRP with respect to the risk of microalbuminuria (Wald 

statistic 9.2, P=0.03). Indeed, in subjects with a MAP <90 mmHg, we only found a non-significant 

trend in the association between CRP quartiles and microalbuminuria (prevalence: 3.9, 5.8, 6.6, 

8.7%; P=0.11). This trend was much steeper and significant in subjects with a MAP >90 mmHg 

(prevalence: 6.7, 13.6, 20.4, 25.1%; P<0.0001). Controlling for other risk factors in multivariate 

analyses, the positive interaction persisted (P=0.0004). No significant interactions between 

other risk factors and CRP with respect to the risk of microalbuminuria were encountered.

Conclusions. Thus, CRP modifies the relation between blood pressure and microalbuminuria. 

Introduction

C-reactive protein (CRP), a sensitive marker of (sub)clinical inflammation, is thought to represent 

the state of chronic low-grade inflammation of the arterial vessel wall at atherosclerotic sites.1 

CRP consistently predicts cardiovascular (CV) outcome.2-4 Microalbuminuria is also an established 

risk marker for future cardiovascular events in various populations.5,6 The appearance of low levels 

of albumin in the urine is thought to be the consequence of generalised endothelial damage along 

the vascular tree, including the glomerulus.7 

Blood pressure has been shown to be the main determinant of microalbuminuria in diabetes 

and hypertension.8 Many other CV risk factors, which cluster within the metabolic syndrome, have 

been shown to relate to microalbuminuria in the population.9,10 Because CRP and microalbuminuria 

reflect closely related components of the same disease processes, one might anticipate a strong 

relationship between the two of them. However, studies that investigated this relationship in 
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large populations only found weak associations.11,12 Interdependence between CRP and other 

cardiovascular risk factors with the risk of microalbuminuria may have been overlooked.

We questioned whether elevated serum CRP levels modify the relation of blood pressure and 

other CV risk factors with microalbuminuria. 

Methods

Study design

This study is part of the PREVEND study (Prevention of REnal and Vascular ENdstage Disease) 

in the city of Groningen, The Netherlands. PREVEND investigates the natural course of 

microalbuminuria in relation to renal and cardiovascular morbidity and mortality in the general 

population. All inhabitants aged 28-75 years (n=85,421) were asked to send in a morning urine 

sample and to fill out a short questionnaire on demographics and renal and cardiovascular 

morbidity. A total of 40,856 subjects responded. Pregnant women and subjects using insulin were 

excluded. All subjects with an albumin concentration of >10 mg/L in their morning urine sample 

plus a random sample of the population with a morning urine albumin excretion <10 mg/L were 

invited to our outpatient clinic. A detailed overview of this protocol is described elsewhere.13 All 

subjects filled out an extensive questionnaire on demographics, renal and cardiovascular history, 

and information on pharmacy data. Furthermore, they underwent investigations in 2 visits: 

anthropometry, automated blood pressure measurements after 10 minutes of supine rest with 

a Dinamap XL Model 9300 device (Johnson & Johnson Medical Inc., Tampa, Florida, U.S.A.), collec-

tion of two 24-hours urine samples after thorough oral instructions, and fasting blood samples. 

A total of 8,592 subjects fulfilled the two visits. 

This study was approved by the medical ethics committee and conducted in accordance with 

the guidelines of the declaration of Helsinki. All participants who attended the outpatient clinic 

gave written informed consent.

Laboratory measurements

Urinary volume and albumin were measured in each collection. Urinary albumin concentrations 

were determined by nephelometry with a threshold of 2.3 mg/L and intra- and interassay 

coefficients of variation of <2.2% and <2.6%, respectively (Dade Behring Diagnostic, Marburg, 

Germany). High sensitive CRP was also determined by nephelometry with a threshold of 0.175 

mg/L and intra- and inter-assay coefficients of less than 4.4% and 5.7%, respectively (BNII N, 
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Dade Behring, Marburg, Germany). Urinary leukocyte and erythrocyte counts were determined 

by urine sticks (Nephur+leuco, Boehringer Mannheim, Mannheim, Germany). Plasma glucose 

and serum cholesterol were determined by Kodak Ektachem dry chemistry (Eastman Kodak, 

Rochester, NY, U.S.A.).

Calculations, definitions and exclusion

Response variable

The albumin levels (mg) of the two 24 hours urine collections were averaged. Microalbuminuria 

was defined as a mean urinary albumin level of 30-300 mg per 24 hours. 

Predictor variables 

The last two blood pressure values of both visits were averaged; thus blood pressure data are 

based on the average of four blood pressure values. Mean arterial pressure (MAP) was calculated 

as one third of the average systolic blood pressure plus two thirds of the average diastolic blood 

pressure (mmHg). Body mass index (BMI) was calculated as the ratio of weight (kg) and height 

squared (m2). Smoking was defined as never (reference category), current and past smoking. 

Other independent variables were age, gender, waist circumference, serum cholesterol, plasma 

glucose, anti-hypertensive and/or lipid-lowering therapy.

Exclusion criteria 

We excluded 451 subjects with leuko- and/or erythrocyturia, 304 subjects with type 2 diabetes 

(fasting glucose >7.0 mmol/L or non-fasting glucose >11.1 mmol/L or use of anti-diabetic drugs), 

55 subjects with renal disease, 89 subjects with macroalbuminuria (>300 mg/24 hours) and 

76 subjects with a CRP level >20 mg/L. The dataset contained missing data on diabetes (n=73) 

and CRP (n=360). Thus, 7,184 subjects were eligible for analyses. A total of 900 subjects were 

identified as having microalbuminuria.

Statistical methods

Continuous data are reported as mean + SD. Differences between groups were assessed with X2 

analysis or ANOVA. Since our cohort is a sample of the general population with of a supplement 

of microalbuminuric subjects, and microalbuminuria is the outcome variable of interest, the 

results of our analyses cannot be simply extrapolated to the general population. To make such 

extrapolation possible, we performed design based logistic regression analyses taking into 
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account unequal probability of selection to ensure unbiased estimates. We used STATA 7.0 (Stata 

Statistical Software, College Station, Texas, USA) to perform these ‘complex survey analyses’. 

To test linearity in the logit of continuous variables, we used the Box-Tidwell transformation, 

which adds a term of the form x·ln(x) to the model where x represents a continuous variable.14 If 

the coefficient for this variable is significant, there is evidence for non-linearity in the logit. If non-

linearity was present, we divided this variable into deciles and subsequently selected the scale of 

the independent variable. We assured linearity of the beta–coefficients by log-transformation of 

CRP. The logits of the remaining variables were linear.

In multivariate analyses, including interactions, continuous variables were centralised to 

Table 1. Population characteristics: distribution of risk factors according to quartiles of C-reactive protein.

C-reactive protein (mg/L)

Risk factors 0.18-0.52 0.52-1.17 1.17-2.70 2.70-20.0 P Value

Age, year 43 (11) 48 (12) 51 (12) 51 (13) <0.0001

Male gender, % 51 53 54 47 <0.0001

Mean arterial pressure, mmHg 87 (10) 91 (12) 94 (13) 95 (12) <0.0001

Anti-hypertensive therapy, % 3.8 8.1 13.3 15.8 <0.0001

Body mass index, kg/m2 23.6 (3.0) 25.5 (3.4) 26.7 (3.8) 27.6 (4.8) <0.0001

Waist circumference, cm, M 87 (9) 93 (10) 96 (10) 98 (11) <0.0001

Waist circumference, cm, F 76 (9) 80 (10) 85 (12) 88 (14) <0.0001

Glucose, mmol/L 4.5 (0.6) 4.7 (0.6) 4.8 (0.6) 4.9 (0.7) <0.0001

Cholesterol, mmol/L 5.3 (1.0) 5.6 (1.1) 5.8 (1.1) 5.8 (1.2) <0.0001

Lipid-lowering therapy, % 2.0 3.9 4.8 5.1 <0.0001

Smoking, % <0.0001

     Never smokers 39 31 26 23

     Current smokers 26 30 37 43 <0.0001a

     Past smokers 35 39 37 34 <0.0001a

P values are calculated by ANOVA or X2 analysis. M = male, F = female. a) Never smokers vs current and past smokers, 

respectively.
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Table 2. Baseline characteristics: prevalence of microalbuminuria(%) according to levels of C-reactive protein 

and other risk factors.

C-reactive protein (mg/L)

Risk factors Strata 0.18-0.52 0.52-1.17 1.17-2.70 2.70-20.0 P for 

trenda)

Wald 

statisticb)

P 

value

Microalbuminuria, % 4.8 9.6 14.5 18.6 <0.0001

Age, yr <47 3.8 6.2 7.6 11.3 0.001 2.4 0.49

>47 7.3 13.3 19.6 23.7 <0.0001

Gender Female 3.5 6.4 9.7 13.0 <0.0001 0.9 0.83

Male 6.1 12.5 18.7 25.1 <0.0001

MAP, mmHg <90 3.9 5.8 6.6 8.7 0.11 9.2 0.03

>90 6.7 13.6 20.4 25.1 <0.0001

Anti-hypertensive therapy No 4.7 8.9 12.7 16.5 <0.0001 0.5 0.93

Yes 8.8 17.9 26.4 29.9 0.005

Body mass index, kg/m2 <25.4 4.3 6.9 9.9 12.2 <0.0001 1.0 0.81

>25.4 6.6 12.7 17.7 22.0 <0.0001

Waist circumference, cm <93/81 (M/F) 4.7 6.9 9.7 11.6 0.01 4.6 0.21

>93/81 (M/F) 5.5 12.8 17.6 22.1 <0.0001

Glucose, mmol/L <4.70 4.6 8.0 10.8 13.3 0.007 4.1 0.25

>4.70 5.2 11.2 17.5 22.0 <0.0001

Cholesterol, mmol/L <5.5 4.4 8.4 12.5 16.2 <0.0001 0.06 1.0

>5.5 5.6 10.9 16.2 20.5 <0.0001

Lipid-lowering therapy No 4.6 9.2 13.8 17.4 <0.0001 0.1 1.0

Yes 11.8 22.1 32.5 36.3 <0.0001

Smoking Never 3.7 8.2 10.7 13.8 <0.0001 3.5 0.75

Current 6.3 8.9 14.8 19.0 <0.0001

Past 5.0 11.4 17.0 21.2 <0.0001

The table gives the prevalence of microalbuminuria (%) according to strata of risk factors and quartiles of C-reactive 

protein. Strata of continuous variables are based on their median level. M = male, F = female.

a) The P for trend indicates the significance level of the increase in the prevalence of microalbuminuria with increasing 

CRP levels in one stratum of each risk factor.

b) The Wald statistic indicates the strength of the interaction between C-reactive protein and risk factors on the risk 

of having microalbuminuria, including the corresponding P value of the interaction.
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Table 3. Multivariate design based logistic regression analyses, including the interaction between CRP and 

mean arterial pressure on the risk of microalbuminuria.

Risk factors Beta-coefficients S.E. T value P value

Age, yr 0.016 0.0051 3.11 0.002

Male gender 0.056 0.1692 0.33 0.74

Mean arterial pressure, mmHg 0.039 0.0060 6.46 <0.001

Anti-hypertensive therapy, yes 0.153 0.1721 0.89 0.37

Body mass index, kg/m2 -0.037 0.0257 -1.44 0.15

Waist circumference, cm 0.035 0.0092 3.82 <0.001

Glucose, mmol/L 0.139 0.0811 1.72 0.09

Cholesterol, mmol/L -0.099 0.0511 -1.93 0.05

Lipid-lowering therapy, yes 0.781 0.2266 3.45 0.001

Smoking, vs never

     Current 0.483 0.1480 3.27 0.001

     Past 0.216 0.1498 1.44 0.15

Ln(CRP), mg/L 0.123 0.0610 2.01 0.04

MAP*ln(CRP) 0.017 0.0049 3.52 0. 0004

All variables are centralised by subtracting their mean values from its absolute value. C-reactive protein is a log-

transformed variable; waist circumference is multiplied by 100. S.E. = standard error of the beta-coefficient.

their mean values. A P value <0.05 was considered statistically significant, also for interaction 

terms. 

The following procedures were conducted to validate the robustness of the model. Twenty-

four hour urine collections are prone to collection errors and thus, misclassification of subjects 

either having no microalbuminuria or microalbuminuria could have occurred. Therefore, we also 

analysed our data with exclusion of subjects with more than 20% difference in 24-hours urinary 

creatinine excretion levels between the two collections. In a separate analysis, we analysed 

the data defining the occurrence of microalbuminuria when present in both urine collections.15 

We also analysed our data with exclusion of subjects with CRP levels >10 mg/L,16 the level of 

suspected and clinically manifest inflammation. In another analysis, we added subjects with 



4040

macroalbuminuria to the subjects defined as having microalbuminuria. These procedures did not 

affect any association or interaction.

Results

Detailed characteristics of our study cohort are given in table 1. Age, mean arterial pressure, body 

mass index, waist circumference, glucose and cholesterol increased significantly with increasing 

CRP levels (P<0.0001). The proportion of current and past smokers increased with increasing 

CRP levels as compared to never smokers (P<0.0001). More subjects used anti-hypertensive or 

lipid-lowering therapy with increasing CRP levels (P<0.0001). More female subjects were present 

in the highest CRP quartile (P<0.0001).

Among subjects with a blood pressure below the median population level, the trend in the 

association between CRP and microalbuminuria was not significant (P=0.11), whereas this trend 

was significant in subjects with high MAP (P<0.0001)(Table 2). All other risk factors showed a 

significant trend in the association between CRP and albuminuria in both strata (low vs high, 

no use vs use). Compared to subjects with a MAP below the median level (90 mmHg), subjects 

with a MAP above the median level were more likely to have microalbuminuria in presence of 

an elevated CRP (Wald statistic for the interaction 9.2, P=0.03). In subjects with a low MAP, the 

prevalence of microalbuminuria increased about 2-fold (from 3.9 to 8.7%), whereas in subjects 

with an elevated MAP the prevalence of microalbuminuria increased about 4-fold (from 6.7 to 

25.1%). Stratification for other cardiovascular risk factors did not yield significant interactions 

with CRP for the presence of microalbuminuria.

Table 3 provides the multivariate design based logistic regression model, in which the 

association of the studied risk factors and interactions with the presence of microalbuminuria 

is shown. Factors, which significantly increased the odds of having microalbuminuria were 

age, waist circumference, cholesterol (negatively), lipid lowering therapy and current smoking. 

MAP and CRP were found interdependent: the interaction between CRP and MAP contributed 

significantly to the multivariate model (P=0.0004). Thus, blood pressure positively modified 

the association between CRP and microalbuminuria. Other interactions between risk factors 

and CRP, did not significantly improve the model. Also, no significant interactions between 

MAP and other risk factors were encountered. We also tested interactions of those risk factors 

showing significant associations with microalbuminuria in the multivariate analysis, i.e. age, 

waist circumference, cholesterol and current smoking, without significant improvement of the 

model.
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The interaction between levels of CRP and MAP with the estimated prevalence of microalbumi-

nuria is graphically depicted in figure 1. The arbitrarily chosen CRP values of 0.2, 1.0, 3.0 and 

10.0 mg/L correspond to the 5th, 50th, 75th and 95th percentile of its distribution, respectively. 

Considering a MAP of 100 (e.g. 140/80 mmHg), the prevalence of microalbuminuria is increased 

approximately 2 times in subjects with a CRP of 3 mg/L compared to subjects with a CRP of 

1 mg/L. It is important to consider that this plot is created from the multivariate regression 

formula using centralised variables. Thus, these lines represent the estimated prevalence of 

microalbuminuria in a never-smoking male with an average age (48.4 yr), BMI (25.9 kg/m2), 

waist circumference (93 cm), glucose (4.7 mmol/L) and cholesterol (5.6 mmol/L), not using anti-

hypertensive or lipid lowering drugs. Consequently, the risk of having microalbuminuria would 

be higher in subjects with higher values for these factors, except for cholesterol. For example, 

the prevalence of microalbuminuria in a smoking male aged 65 years, using an anti-hypertensive 

drug, with a BMI of 27 kg/m2, MAP 100 mmHg, waist circumference 100 cm, glucose 6.0 mmol/L, 

cholesterol 6.0 mmol/L and a CRP level of 3 mg/L is 20%.

Graphical depiction of the interaction between CRP and MAP on the estimated prevalence of microalbuminuria 

(multivariate design based logistic regression analyses). All variables were centralised to the mean. Thus, these 

figures indicate the regression lines of a never-smoking male with an average age (48.4 yr), BMI (25.9 kg/m2), waist 

circumference (93 cm), glucose (4.7 mmol/L) and cholesterol (5.6 mmol/L) not using anti-hypertensive or lipid 

lowering drugs. Values above these mean levels thus further increase the risk of having microalbuminuria, except for 

cholesterol (negative association).

Figure 1. Predicted prevalence of microalbuminuria (%) according to levels of C-reactive protein and mean 

arterial pressure.
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Discussion

Our study shows that CRP modifies the relation between blood pressure and microalbuminuria. 

CRP did not modify the relation between other cardiovascular risk factors and microalbuminuria. 

Most scientific reports on the association between inflammatory parameters (fibrinogen, 

sialic acid) and microalbuminuria come from small studies of subjects with type 1 and 2 diabetes 

(listed in reference12,17), who encounter an increased risk of developing diabetic nephropathy 

and/or cardiovascular disease. Data on the association between CRP, as measured by highly 

sensitive assays, and microalbuminuria are scarce at the level of the general population. The 

Insulin Resistance Atherosclerosis Study (IRAS) only found a modest correlation (adjusted 

r=0.06) between CRP and microalbuminuria in a large non-diabetic cohort, while in a multivariate 

analysis, CRP did not significantly increase the odds of having microalbuminuria.12 The only study 

that found a significant association between CRP and microalbuminuria, also after controlling 

for other risk factors, was performed by Pannacciulli et al.11 This study was conducted however 

in a selected population consisting of 103 obese, non-diabetic and premenopausal women. In 

one prospective study, a 50% increase in baseline levels of CRP predicted a 17% increase in risk 

of developing microalbuminuria in the general population.18 Possible effect-modification was 

not investigated in the latter two studies. The IRAS investigators did study possible interaction. 

However, the relation between CRP and microalbuminuria was found similar in either stratum of 

gender, ethnicity or diabetic status. It is uncertain whether the investigators performed studies 

of potential interactions with other risk factors. Our data show that elevated CRP enhances 

the relationship between blood pressure and microalbuminuria. This interaction was found 

independently of other covariates and interactions in the multivariate analysis.

Systemic blood pressure is the most important determinant of microalbuminuria in diabetes 

and hypertension.8,19 Functional abnormalities, indicative of impaired glomerular autoregulation, 

and structural changes in the glomerulus can be observed in both diabetes and hypertension.20-22 

Albuminuria may therefore occur as a result of direct transmission of raised systemic pressure 

to the glomerulus23,24 and/or permselectivity changes of the glomerular filter.25 Blood pressure is 

already known to relate to albuminuria in the population,8 a fact that we confirmed in the present 

study. A new finding of our study shows that the relation was more pronounced in subjects 

with an elevated CRP level. Inflammation is implicated in early endothelial dysfunction3,26 and 

more advanced atherosclerosis.27 Therefore, CRP may be a marker of vascular disease, which 

indicates impaired autoregulation of glomerular pressure and/or dysfunction of the glomerular 

endothelium. Both of these factors may enhance microalbuminuria.

The associations of microalbuminuria with age, blood pressure, lipid-lowering therapy and CRP 
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suggest the presence of the metabolic syndrome in subjects with microalbuminuria. CRP has 

been shown to be associated with measures of insulin resistance, like fasting hyperinsulinemia28 

and impaired glucose disposal rate during a euglycemic hyperinsulinemic clamp.29 In diabetes 

and hypertension, insulin resistance has also been related to microalbuminuria,30-32 though 

not in all studies.33,34 Moreover, CRP and microalbuminuria both predict incident cases of type 

2 diabetes, which underlines their role in insulin resistance.35,36 Because we did not measure 

insulin sensitivity or insulin concentrations, we cannot exclude that our findings relate more 

directly to insulin resistance than to CRP.

Some methodological issues have to be addressed. First, our data are of cross-sectional 

nature, which makes temporal and causal inferences impossible. Second, we have to discuss 

possible selection bias. Our cohort consists of a selected sample of subjects with an elevated 

urinary albumin excretion (UAE >10 mg/L) and a randomly selected sample of control subjects 

(UAE <10 mg/L). This sampling affects absolute values and point estimates and therefore, the 

generalizability of our findings for the general population may be questioned (internal validity). 

However, to control for our sampling procedure, we conducted design based analyses, which 

allow generalization of the outcome data to the population at large. Third, misclassification 

of subjects having microalbuminuria could occur due to partly collected samples. To control 

for the effect of collection errors, we have validated the data in various ways as mentioned 

in the statistical methods section. These validation procedures did not affect the outcome 

of the analyses. We also validated our data by exclusion of subjects with suspected clinical 

inflammation (CRP >10 mg/L). This also did not affect the results.

In our study, all participants collected two 24 hours urine samples to assess urinary albumin 

excretion. Other studies used urinary albumin-to-creatinine ratio (A/C-ratio), determined in a 

morning urine sample, to assess the presence of microalbuminuria,12,18 except for the study 

by Pannacciulli et al, which also used two 24 hours urine collections.11 Assessment of 24 

hours urinary albumin excretion is considered the preferred method. Although the A/C ratio 

is accepted as an alternative to detect the presence of microalbuminuria, urinary creatinine 

excretion depends on the amount of muscle mass, which is variable for several biological 

parameters (gender, age, body weight, exercise).37 This could be a reason that these studies 

did not find an interaction of CRP and blood pressure, which is also related to these parameters, 

with the risk of microalbuminuria.

We used mean arterial pressure (MAP) as the blood pressure variable of interest. We 

also calculated our data including both systolic and diastolic blood pressure in the analyses. 

Interestingly, the interaction of blood pressure with CRP on the risk of microalbuminuria was 

equally found for systolic as well as diastolic blood pressure (data not shown). 
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Perspectives

Our study shows the novel finding of effect-modification by CRP of the relation between blood 

pressure and microalbuminuria. The observed interaction is important for our understanding of 

the pathophysiology of increased urinary albumin excretion in the general population. Elevated 

CRP levels indicate systemic low-grade inflammation. Inflammation apparently increases 

the likelihood of increased glomerular leakage of albumin in response to blood pressure. This 

glomerular leakage may either involve increased transmission of systemic blood pressure or a 

decreased barrier function of the glomerulus. 
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Abstract

Background. C-reactive protein (CRP) has recently been introduced in cardiovascular medicine as 

a predictor of myocardial infarction, stroke and peripheral artery disease in different populations. 

We hypothesised that elevated CRP levels are associated with renal function abnormalities.

Methods and Results. To test this hypothesis we studied the relation between CRP levels and 

renal function loss measured as diminished creatinine clearance in a large non-diabetic population 

(7,317 subjects). In addition, the associations and confounding effects of established renal risk 

factors that could explain the association between CRP and diminished renal filtration were studied. 

Also, the association of CRP with early alterations in renal function, such as those evidenced by a 

relatively high glomerular filtration (‘hyperfiltration’), was examined. CRP levels were divided in 

quartiles. Subjects with CRP levels within the first quartile were defined as the reference group. 

Diminished renal filtration and hyperfiltration were defined as a creatinine clearance below or 

exceeding two times the prediction interval of the age and sex related reference group. Elevated 

CRP levels were positively associated with cardiovascular and renal risk factors: age, body mass 

index, blood pressure, serum cholesterol level, smoking, plasma glucose level and elevated urinary 

albumin excretion. Elevated CRP was positively associated with diminished filtration (OR 1.8 (1.2-

2.6)). In multivariate analyses, CRP was independently associated with a diminished filtration (OR 

1.9 (1.3-2.9)). Interestingly, CRP was also associated with hyperfiltration (highest quartile: OR 

1.7 (95%CI: 1.2-2.5)). However, body mass index accounted for most of the relationship between 

CRP and hyperfiltration.

Conclusions. As in cardiovascular disease, CRP appears to be a risk marker for renal function loss. 

The mechanism of this relationship remains to be clarified. However, the association between 

CRP, body weight, and a relatively elevated creatinine clearance is a hypothesis-generating 

finding, suggesting that early inflammatory processes related to high body fat may predispose 

the kidney to glomerular hyperfiltration-related renal function loss.

Introduction

The risk of progressive atherosclerotic cardiovascular disease is determined by a set of classical 

risk factors such as diabetes, hypertension, hyperlipidemia, smoking, obesity1 and an elevated 

urinary albumin excretion.2 In addition, it has recently been shown that elevated serum levels of 

C-reactive protein (CRP) are present among subjects at risk for future atherothrombotic disease in 

the coronary,3,4 cerebral5 and peripheral circulation,6 independently of established cardiovascular 



5151

risk factors. This led to the use of CRP as an additional marker of progressive cardiovascular 

disease.7

For progressive renal disease the classical risk factors include diabetes,8 hypertension,9 

hyperlipidemia,10 smoking,11,12 obesity,13 and an elevated urinary albumin excretion.8,14 However, 

the role of low-grade inflammation, as measured by a highly sensitive CRP method, is unknown in 

renal disease. We hypothesised that CRP could play a role in renal disease in relation to progressive 

renal function loss.

Figure 1. Creatinine clearance as a function of age, with the prediction interval representing subjects with 

hyperfiltration (above the upper line) and subjects with diminished filtration (below the lower line). A. Male 

subjects. B. Female subjects.
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The mechanism of the relation between CRP and progressive cardiovascular disease is assumed to 

be based on CRP representing a low-grade inflammatory state either originating in the vasculature 

such as the endothelium,15 or a systemic effect on the vasculature due to inflammatory 

mediators released elsewhere in the body, for example, fat tissue, or due to external stimuli 

such as smoking.16 In either mechanism, interplay with such risk factors probably occurs. To our 

knowledge, no data or hypotheses on a comparable relation between CRP and risk factors are 

available in progressive renal function loss. CRP could provide a link between risk factors for renal 

disease and renal function loss, since these conditions are related to elevated CRP levels.17 On 

the other hand, CRP could be an independent correlate of renal function loss as in cardiovascular 

disease. If CRP plays an early role also in risk for progressive kidney disease, one may hypothesise 

that CRP is related to early indicators for progressive renal function loss. A higher than normal 

glomerular filtration rate (‘hyperfiltration’) is such an early indicator of susceptibility for renal 

function loss at least in diabetic subjects (non-insulin and insulin dependent diabetes mellitus)18 

and hypertensive subjects.19 

To this end, we studied first the relationship between CRP with and diminished glomerular 

filtration (measured as creatinine clearance) in a large non-diabetic population, and whether this 

is influenced by other renal risk factors such as hypertension, hyperlipidemia, obesity, plasma 

glucose and smoking, as well as elevated urinary albumin excretion levels. Second, we investigated 

whether elevated CRP levels were associated with a relatively high glomerular filtration in this 

population, and whether this relationship was influenced by renal risk factors. 

Methods

Study Population and design

This cross-sectional study is part of the ongoing PREVEND study (Prevention of Renal and 

Vascular ENd stage Disease), conducted in Groningen, the Netherlands. All inhabitants of the 

city of Groningen between the ages of 28 and 75 year (85,421 subjects) were asked to send 

in a morning urine sample and to fill out a short questionnaire. A total of 40,856 (47.8%) 

responded. From this group, 30,890 subjects had a urinary albumin concentration of <10 mg/L 

and 9,966 subjects had a urinary albumin concentration of ≥10 mg/L in their morning urine 

sample. After exclusion of subjects with insulin use and pregnant women, all subjects with 

a urinary albumin excretion ≥10 mg/L (n = 7,768) together with a randomly selected control 

group with a urinary albumin concentration of <10 mg/L (n = 3,395) were invited for further 

investigation in an outpatient clinic. Finally, the actual cohort of 8,592 subjects completed 
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two visits. Measurements performed were extensively described in previous reports.14,20 

Briefly, both visits consisted of anthropometric measurements, supine blood pressure 

measurements for ten minutes (Dinamap XL Model 9300 series device), electrocardiograph 

recordings (Cardio Control, Rijswijk, the Netherlands), two 24 hours urine collections and 

fasting blood samples.

All participants completed a questionnaire on demographics and cardiovascular and renal 

history. All participants gave written informed consent. The PREVEND study was approved by 

the local medical ethics committee and conducted in accordance with the guidelines of the 

declaration of Helsinki.

Table 1. Associations of C-reactive protein categories with population variables tested for trend.

Quartiles of C-reactive protein (mg/L)

1st 2nd 3rd 4th Uncorrected Corrected

Risk factors (0.18-0.54) (0.54-1.20) (1.20-2.76) (>2.76) P Valuea P Valueb

C-reactive protein (mg/L)a 0.3 (0.2-0.4) 0.8 (0.7-1.0) 1.9 (1.8-2.3) 7.25 (3.7-83.4)

Male (%) 51.4 53.4 53.6 46.5 0.006

Age (years) 44 (11) 48 (12) 51 (13) 52 (13) <0.001

Body mass index (kg/m2) 23.6 (3.0) 25.5 (3.4) 26.8 (3.9) 27.8 (4.9) <0.001 <0.001

Obesity (%) 3.0 9.3 19.1 27.0 <0.001 <0.001

Systolic BP (mmHg) 121 (16) 128 (19) 131 (21) 134 (21) <0.001 <0.001

Diastolic BP (mmHg) 70 (9) 74 (10) 75 (10) 76 (10) <0.001 <0.001

Antihypertensive therapy (%) 3.8 8.4 13.8 17.4 <0.001 <0.001

Hypertension (%) 13.7 26.9 36.9 41.6 <0.001 <0.001

Cholesterol (mmol/L) 5.3 (1.0) 5.6 (1.1) 5.8 (1.2) 5.8 (1.2) <0.001 <0.001

Lipid-lowering therapy (%) 3.1 5.6 6.2 7.2 <0.001 0.15

Hypercholesterolemia (%) 15.0 24.1 29.4 31.0 <0.001 <0.001

Glucose (mmol/L) 4.5 (0.6) 4.7 (0.6) 4.8 (0.7) 4.9 (0.8) <0.001 <0.001

Smoking (%) 38.4 40.0 47.6 51.0 <0.001 <0.001

UAE (mg/24h)a 7.8 (5.9-12.0) 8.6 (6.0-14.8) 9.8 (6.4-18.4) 10.4 (6.6-24.8) <0.001 <0.001

CCR (ml/min/1.73 m2) 96 (19) 93 (20) 91 (21) 91 (23) <0.001 <0.05

Hyperfiltration (%) 2.7 3.3 2.6 4.5 <0.001 <0.001

Diminished filtration (%) 2.5 3.0 4.1 4.3 <0.001 <0.001

BP = blood pressure. VAE = UAE CCR = creatinine clearence A) Urinary albumin excretion and CRP are expressed as 

median with the 25th-75th percentiles, because of skewed distribution. B) Age and gender adjusted P value (for 

linear trend).
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Calculations and definitions

C-reactive protein levels were divided in quartiles (detailed in the Results section). Systolic and 

diastolic blood pressures were calculated as the mean of the mean of the last two out of ten 

measurements of both visits. Hypertension was defined as a systolic blood pressure >140 mmHg 

or a diastolic blood pressure >90 mmHg or the use of antihypertensive medication. Body mass 

index (BMI) was calculated as the ratio between weight and the square of height (kg/m2). Obesity 

was defined as a BMI ≥30 kg/m2.21 Hypercholesterolemia was defined as a serum cholesterol level 

of ≥6.5 mmol/L or the use of lipid-lowering therapy. Smoking was defined as current smoking. 

Urinary albumin excretion rate (UAE) was calculated as the mean albuminuria of two 24 hours 

collections, and groups were defined as follows: normoalbuminuria (0-15 mg/24h), high-normal 

albuminuria (15-30 mg/24h), microalbuminuria (30-300 mg/24h) and macroalbuminuria (>300 

mg/24h). Body surface area (BSA) was calculated according to DuBois and DuBois.22 Creatinine 

clearance was calculated by taking the mean of the two 24 hours urinary creatinine excretions 

divided by serum creatinine and corrected for BSA (ml/min/1.73 m2). To identify the subjects with 

a relative low and high creatinine clearance, the following procedure was used: a reference group 

of subjects were defined with CRP levels within the first quartile of the whole sample. In these 

subjects, the regression of creatinine clearance by age was calculated separately for men and 

Table 2. Odds ratios of diminished filtration according to concentration of C-reactive protein.

Quartiles of C-reactive protein (mg/L)

1st

(<0.54)

2nd

(0.54-1.20

3rd

(1.22-2.76)

4th

(>2.76)

Model 1 (RR) 1.0 1.3 1.6 1.8

     95% CI 0.9-1.9 1.1-2.4 1.2-2.6

     P NS <0.01 <0.005

Model 2 (RR) 1.0 1.4 1.9 2.1

     95% CI 0.9-2.1 1.3-2.8 1.4-3.2

     P NS <0.005 <0.005

Model 3 (RR) 1.0 1.3 1.7 1.9

     95% CI 0.8-2.0 1.1-2.5 1.3-2.9

     P NS <0.05 <0.005

Model 1: Crude odds ratios. Model 2: Adjusted for age and gender. Model 3: Model 2 + BMI, glucose, systolic and 

diastolic blood pressure, antihypertensive use, cholesterol, lipid-lowering therapy, albuminuria groups and smoking
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women. Best fitting was reached by including the quadratic term of age into the model, that 

is, a non-linear decrease in creatinine clearance with increasing age (Figure 1). Renal function 

abnormalities, such as diminished filtration and hyperfiltration, were defined respectively as a 

creatinine clearance below (N=244) or exceeding (N=229) the 95% confidence interval (95%CI) of 

the individual mean (that is, prediction interval) of the age- and sex-related reference group.

Leukocyturia and/or erythrocyturia was defined as either erythrocytes >50/μL, or leukocytes 

>75/μL, or leukocytes=75/μL and erythrocytes >5/μL in the urine. Diabetes was defined as a 

fasting plasma glucose level >7.8 mmol/L or a non-fasting plasma glucose level >11.1 mmol/L or 

the use of antidiabetic medication. Present renal disease was defined as prior dialysis treatment 

and/or proteinuria as a consequence of renal disease reported by questionnaire. 

Laboratory methods

Urinary albumin concentration was determined by nephelometry with a threshold of 2.3 mg/L and 

intra- and interassay coefficients of variation of <2.2% and <2.6%, respectively. High sensitive CRP 

was also determined by nephelometry with a threshold of 0.175 mg/L and intra- and interassay 

Table 3. Joint effects of C-reactive protein and risk factors on relative risk of diminished filtration. Odds 

ratios (95%CI) adjusted for age and gender in models.

Risk factors Limits CRP < 75th pct CRP > 75th pct

Obesity No 1 1.51 (1.10-2.07)

Yes 1.18 (0.72-1.95) 1.66 (1.03-2.67)

Hypertension No 1 1.56 (1.10-2.22)

Yes 1.58 (1.09-2.27) 2.03 (1.32-3.14)

Hypercholesterolemia No 1 1.55 (1.11-2.15)

Yes 1.18 (0.81-1.72) 1.71 (1.08-2.71)

Smoking No 1 1.48 (0.97-2.26)

Yes 1.33 (0.97-1.82) 1.94 (1.34-2.81)

Glucose < 5.1 mmol/L# 1 1.54 (1.11-2.13)

≥ 5.1 mmol/L 0.84 (0.56-1.25) 1.27 (0.80-2.03)

Albuminuria 0-15 mg/24h 1 1.72 (1.25-2.36)

15-30 mg/24h 0.40 (0.20-0.79) 0.39 (0.12-1.25)

30-300 mg/24h 1.30 (0.79-2.14) 1.36 (0.74-2.52)

# The cut-off point of glucose is based on the 75th percentile.
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coefficients of <4.4% and <5.7%, respectively (BNII N, Dade Behring, Marburg, Germany). CRP 

levels below the detection level threshold were scored as 0.18 mg/L. Plasma glucose, serum 

cholesterol and serum and urinary creatinine were determined by Kodak Ektachem dry chemistry 

(Eastman Kodak, Rochester, NY). Urinary leukocyte and erythrocyte measurements were done by 

Nephur-test+leuco sticks (Boehringer Mannheim, Germany).

Statistical analysis

All calculations were performed with SPSS version 10.0 software (SPSS, Chicago, IL). Continuous 

data are reported as mean + SD; skewed distributions are presented as the median with the 25th 

and 75th percentiles. All P values are two-tailed. A P value of <0.05 was considered statistically 

significant. Differences among CRP quartiles with other variables were assessed by χ2 analysis 

or analysis of variance (ANOVA).

To study the interaction of risk factors on the association between CRP and renal function 

abnormalities, CRP was dichotomised (low =three lowest quartiles of the distribution versus 

high =highest quartile) and compared with other risk factors, for instance, obesity (no/yes). 

When subjects with low CRP and low BMI are used as reference (OR=1), one can estimate 

the relative importance of high CRP and high BMI as risk factors for either hyperfiltration or 

diminished filtration by comparing the odds ratios (OR) in high-CRP-low-BMI and low-CRP-

high-BMI categories.

Logistic regression analysis was used to test the association among the CRP quartiles with 

hyperfiltration and diminished filtration, respectively. After entering the four CRP categories 

into the model, we further adjusted for age and gender. Multivariate analyses included all 

variables significantly associated with elevated CRP levels according to table 1.

Because 24 hours urine collection might be inaccurate as a result of collection errors, we 

carried out a specific validation step. Therefore, we analysed our data after excluding subjects 

who had a difference between their 24 hours creatinine clearance of the first urine collection 

and of the second urine collection greater than 2x the standard deviation according to the 

Bland-Altman method.23

Our data were analysed also with the exclusion of subjects with a CRP level >10 mg/L (10 

mg/L = 96th percentile), taking into account the possible effect of inflammatory disease on renal 

function. Secondly, the data were validated by analysing with creatinine clearance not corrected 

for BSA. Thirdly, subjects with macroalbuminuria were excluded to eliminate the potential for 

severe and inflammatory primary renal disease. These validation steps did not materially affect 

the results and, therefore, the results for the total sample population are shown.
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Results

From the 8592 subjects studied, the exclusion criteria were subjects with either leukocyturia 

and/or erythrocyturia (N=451), diabetes mellitus (N=317) and renal disease (N=67). CRP levels 

could not be determined in 440 subjects due to missing samples. Thus, the final analysis included 

7,317 non-diabetic subjects.

The characteristics of our study population according to the four quartiles of CRP are shown 

in Table 1. The following interquartile ranges were calculated: 1st quartile (0.18-0.54 mg/L), 2nd 

quartile (0.54-1.20 mg/L), 3rd quartile (1.20-2.76 mg/L) and 4th quartile (>2.76 mg/L). These 

interquartile ranges of CRP are in agreement with studies investigating its association with 

cardiovascular disease in apparently healthy men and women.4,24 Age, gender, BMI, systolic and 

diastolic blood pressures, use of antihypertensive medication, cholesterol, lipid-lowering therapy, 

plasma glucose concentration and smoking showed a significant linear trend in the subsequent 

quartile of CRP. These differences remained statistically significant after adjusting for age and 

gender for all variables, except lipid-lowering therapy. Concerning renal characteristics, median 

levels of urinary albumin excretion significantly increased with increasing CRP quartiles, also after 

adjusting for age and gender. Furthermore, the mean values of creatinine clearance followed a 

negative trend in the subsequent CRP quartiles. 

The prevalence of diminished filtration as well as hyperfiltration increased with each CRP 

quartile. Thus, the mean creatinine clearance in the higher CRP quartiles is partly the result of 

subjects with either hyperfiltration or diminished filtration. Obviously, this mean value does not 

provide optimal information about the true relationship between CRP and creatinine clearance. 

Diminished renal filtration

Univariate and multivariate models (Table 2) showed an elevated risk for diminished renal 

filtration in the third (crude odds ratio (OR) 1.6, range 1.1-2.4, P<0.01) and fourth quartiles (crude 

OR 1.8, range 1.2-2.6, P<0.005) of CRP, also after adjustment for age and gender. Further adjust-

ment for potential confounders did not markedly attenuate this relationship with an odds ratio 

of 1.9 (1.3-2.9, P<0.005) in the highest quartile.

In the lowest three quartiles of CRP, only hypertension was significantly related to 

diminished filtration, whereas elevated UAE of 15-30 mg/24h was negatively associated (Table 

3). As compared to subjects with low CRP, those with elevated CRP levels had an increased risk 

for diminished filtration, both in the absence and in the presence of other risk factors. This 

additive effect of elevated CRP was least in UAE groups 15-30 and 30-300 mg/24h with overlap 
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of confidence intervals. The point estimates of the data did not suggest synergistic effects of 

CRP and risk factors on the risk for diminished filtration. Thus, elevated CRP levels independently 

contributed to the risk of diminished renal filtration.

Hyperfiltration

Univariate and multivariate models showed that the highest CRP quartile was associated with an 

elevated risk for hyperfiltration compared with the reference group (crude OR 1.7, range 1.2-2.5, 

P<0.002), and also after adjustment for age and gender. However, BMI attributed in such a way 

to the relationship of CRP with hyperfiltration that the statistical significance was lost (OR 1.4, 

range 0.9-2.0). Adjustment for other potential confounders further attenuated this relationship 

to an OR of 1.2 (0.7-1.9).

No effect-modification was observed between risk factors and CRP on the risk of 

hyperfiltration, that is, no synergistic effects of CRP and risk factors on the risk of hyperfiltration 

were observed.

Discussion

The relationship between CRP and atherothrombotic cardiovascular disease has been established 

in a number of cross-sectional17,25 and prospective studies in apparently healthy subjects and in 

subjects with pre-existent cardiovascular disease.4,24,26,27 To our knowledge, the current study is 

the first study to show that low-grade systemic inflammation, as measured by a highly sensitive 

method, is independently associated with diminished renal filtration in a large non-diabetic 

population. The fact that CRP was associated with higher than normal creatinine clearances, this 

relationship being confounded by body mass, suggests that low-grade inflammation may play a 

role in the susceptibility for, and possibly maintenance of, progressive renal disease. 

Data concerning the role of low-grade inflammation on renal function abnormalities is scarce. 

In a small sample of type 2 diabetic subjects, Weiss et al showed that elevated serum levels of 

neopterin, a monocyte activation marker, and free pentosidine, an advanced glycosylation end-

product, predicted doubling of serum creatinine in four years.28 Furthermore, in a small cross-

sectional study of Myrup et al, elevated levels of fibrinogen and interleukin-6 were observed in type 

1 diabetic subjects with diabetic nephropathy compared to control subjects.29 In both studies, no 

significant difference in CRP levels was observed between study groups. However, in both studies 

CRP levels tended to be higher in those subjects with clinical diabetic nephropathy. This result 
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is consistent with our finding of an association of high levels of CRP with diminished filtration. 

Reasons for our finding of significant associations could be the following. First, our population 

sample is larger, which yields increased statistical power. Second, we used a highly sensitive CRP 

assay in contrast with previous studies. These sensitive assays have high analytical precision and 

determine CRP levels well within the normal range. Therefore, the increased variance of the CRP 

data also yields more statistical power to detect small, but nonetheless important associations. 

In line with our data is the study of Panichi et al, who showed that CRP and interleukin-6 levels 

were inversely related with creatinine clearance in chronic pre-dialysis patients.30

How should we interpret the observed associations between elevated CRP levels, and cardio-

vascular and renal risk factors that we found? Systemic inflammation at a low-grade level is held 

partly responsible for an excess of atherosclerotic vascular disease. CRP is a very sensitive marker 

of systemic inflammation. It is a major acute-phase protein, which production by the (normal) 

liver is tightly regulated. In the presence of tissue injury or trauma, CRP is quickly up-regulated, 

mainly in response to circulating interleukin-6.31 Important sources of cytokine production are 

adipose tissue32 and smoking.25 Increased fat mass is associated with an increased endogenous 

production of pro-inflammatory cytokines by adipocytes,32,33 including interleukin-6. The link 

between the acute-phase response and obesity is also observed at the epidemiological level.34 

Obesity, a strong correlate of type 2 diabetes, is more and more believed to predict end-stage 

renal disease and the development of overt proteinuria.35 Smoking adversely affects progression 

of renal disease and the development of albuminuria in diabetic subjects11 and non-diabetic 

subjects.12 Elevated cytokine levels are also associated with the insulin resistance syndrome 

and associated features like hypertension and dyslipidemia.36 Hypertension and hyperlipidemia 

are equally important in renal disease progression.9,10 In our study, CRP was positively related to 

classical cardiovascular and renal risk factors. Interestingly, these possible confounders could 

not account for the observed link between inflammation and diminished filtration. Thus, CRP is 

independently associated with an impaired filtration as it is also independently associated with 

cardiovascular disease in general.3,4,26,27

The relationship between elevated CRP levels and hyperfiltration, however, largely disappeared 

after adjustment for body mass index. There is a close relationship between obesity and 

renal hyperfiltration.13,37 Potential mechanisms underlying this association are numerous and 

include plasma volume expansion as a feature of the insulin resistance syndrome. The virtual 

disappearance of the association between CRP and renal hyperfiltration after adjustment for 

obesity is in accordance with the previously described link between obesity and the acute-phase 

response. However, this cross-sectional study cannot assess whether the observed relationship 

of CRP with hyperfiltration is an epiphenomenon of the obese state or whether other processes 
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related to obesity are responsible. For example, insulin resistance, as a common link, is tightly 

associated with obesity and renal hyperfiltration, as it is with a systemic low-grade inflammatory 

response.36

How should the data be interpreted on the association between CRP and diminished 

renal filtration? First, other factors could provide an alternative explanation. Atherosclerotic 

disease could be one of those factors, as elevated cytokine and CRP levels are associated with 

(subclinical) atherosclerotic disease and atherosclerotic disease activity.38 In fact, atherosclerosis 

is an inflammatory disease itself.15 It may be that arteriolosclerosis in the renal vasculature is 

responsible for the observed relationship. Other important mediators of vascular inflammation 

also may be responsible for the observed relationship between CRP and diminished filtration,17 

like atherogenic infections, endothelial dysfunction and others. For example, Rassu et al have 

demonstrated the presence of Chlamydia pneumoniae in various atherosclerotic arteries including 

the renal artery. 39 Unfortunately, the majority of available literature concerning inflammation 

and vascular disease has focused on the coronary circulation. 

Second, it might be that CRP is a marker of local inflammatory response in the kidney. 

Because of the cross-sectional design of this study, one has to consider the possibility that renal 

function loss itself is an inflammatory condition. It is well known that gross albuminuria (>300 

mg/24h) is an important mediator of interstitial inflammation. We showed that the presence of 

macroalbuminuria and minor rises in urinary albumin excretion did not attenuate or modify the 

association of CRP with diminished filtration. Thus, our data do not support that CRP is a marker 

of albuminuria-induced renal injury. Other studies support that CRP, as a causative agent, could 

be involved in local renal inflammatory pathways. Jabs et al showed that CRP is expressed by 

renal tubular cells after stimulation with tumour necrosis factor-α or interleukin-1α in vivo, and 

in acutely rejected kidney allografts (abstract A-3293; J Am Soc Nephrol, Volume 12, September 

2001). They proposed that the acute-phase response not merely represents a systemic 

inflammatory reaction, but probably is part of and acts as a local inflammatory pathway in the 

kidney. Also, it has been reported that CRP localises in the kidney in various glomerular diseases 

in children.40 

A third explanation for the association between CRP and diminished filtration could be the 

result of a decreased renal clearance of CRP. However, the major determinant of serum CRP 

concentration is its rate of synthesis by the (normal) liver,41 and not excretion through the kidney. 

In patients with severe renal disease and in healthy subjects, CRP is excreted in negligible amounts 

in the urine.42 CRP can be filtrated, but like other proteins it is reabsorbed by the tubulus. Thus, 

it is very unlikely, though not excluded on these grounds, that the relationship between CRP and 

diminished filtration is explained just by a decrease in plasma clearance of CRP.



6161

A fourth – and in our opinion the most likely – explanation of the association between CRP and 

diminished filtration is give by our finding of a relationship between CRP and hyperfiltration 

and body weight. Early inflammatory processes induced by overweight and/or smoking could 

damage the systemic and renal vasculature, in the absence of any renal function abnormality. 

In time, this could render the kidney more sensitive to other damaging insults occurring in life. 

The result of this could be the observed cross-sectional finding of CRP being related to both 

diminished and high filtration. 

Another marker of cardiovascular and renal disease, namely elevated urinary albumin 

levels, was associated with CRP as shown previously in diabetic and non-diabetic subjects.43 

Both markers are associated with almost all previously mentioned risk factors, so they may 

represent the same disease process. On the other hand, both CRP and microalbuminuria (UAE 

30-300 mg/24h)2,4,44 have been proposed as independent predictors of cardiovascular disease. 

Our study suggests that CRP and elevated urinary albumin excretion are also independent and 

different correlates of renal function abnormalities as well.

C-reactive protein is not only important because it has provided insight into the 

pathophysiology of cardiovascular disease, it may serve as an early risk marker. Investigators 

have begun seeking therapies that may lower CRP concentrations and, presumably, cardiovascular 

disease risk. Several agents, equally important in renal disease, have the potential to diminish 

cardiovascular disease risk by modification of the (acute-phase) inflammatory response.4,45 

The use of these agents could also be beneficial for renoprotection, which has not yet been 

studied.

Our study has several shortcomings. It is cross-sectional of design and, therefore, a 

hypothesis generating study. Furthermore, the definitions of diminished renal filtration and 

renal hyperfiltration were arbitrarily chosen, and calculated on a statistical basis rather than 

being measured in a more experimental design. In this epidemiological setting, however, we 

believe that these definitions are the best approximate measure of diminished filtration and 

hyperfiltration available. A similar critique could be made on the choice of CRP classes. However, 

changing the boundaries of our definitions on normal renal function or CRP did not alter the 

basic findings of our study. We defined albuminuria levels as the mean albumin excretion of 

two 24 hours urine collections, whereas the presence of microalbuminuria in at least two out 

of three (morning) samples is usually recommended in subjects with type 1 and 2 diabetes. 

Others propose the performance of a second urine sample when the first sample is positive 

for microalbuminuria in diabetic as well as non-diabetic individuals.46 The lower cut-off level 

of albuminuria is still under debate, since even smaller amounts of albumin in the urine are 

associated with cardiovascular risk and risk fcators in non-diabetic subjects.47 We have only 
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misclassified 8% of all subjects having microalbuminuria according to our calculation compared 

to subjects having microalbuminuria according to the definitions mentioned above (data not 

shown). 

In conclusion, as in cardiovascular disease, CRP appears to be a risk marker for renal function 

loss. The mechanism of this relationship remains to be clarified. However, the association between 

CRP, body weight, and a relatively elevated creatinine clearance is a hypothesis-generating 

finding. Early inflammatory processes related to high body fat may predispose the kidney to 

glomerular hyperfiltration-related renal function loss.
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Abstract

Background. C-reactive protein (CRP) and microalbuminuria (MA) have been identified as risk 

markers for cardiovascular disease (CVD). We questioned whether CRP and MA are similar markers 

of vascular disease in different regions of the vascular tree like the heart, kidneys and extremities 

or that they differ with their relationships in these vascular beds.

Methods and Results. Baseline levels of CRP and urinary albumin were measured in 6,669 non-

diabetic participants in the PREVEND study, a Dutch cohort derived from the general population. 

We defined three domains of vascular disease: coronary heart disease (myocardial infarction or 

infarct pattern on the ECG), renal insufficiency (creatinine clearance <60 ml/min) and peripheral 

artery disease (ankle brachial index <0.9 or lower limb revascularisation). The prevalence of an 

elevated CRP (27.7 vs 17.9%) and MA (17.5 vs 10.4%) were increased in subjects with vascular 

disease as compared to subjects without CVD. The prevalence of an elevated CRP was equal in 

subjects with either coronary heart disease, renal insufficiency or peripheral artery disease (28.4 

vs 29.5 vs 26.0%, NS), whereas MA was most prevalent in subjects with coronary heart disease 

(22.5 vs 12.8 vs 14.9%, P<0.05). Using multivariate analyses, CRP was independently associated 

with all three domains of vascular disease, whereas MA was independently associated with 

coronary heart disease only. In addition, we found synergistic contributions of an elevated CRP 

and older age to the risk of vascular disease in all three domains.

Conclusions. Thus, CRP and microalbuminuria are risk markers for vascular disease, each showing 

a different risk profiling for different vascular beds. 

Introduction

Risk factors for cardiovascular (CV) disease, like type 2 diabetes and hypertension, typically 

affect multiple organs and organ systems as the heart, brain, kidneys and peripheral arteries. The 

magnitude of associations between CV risk factors and organs affected most may differ. Recently, 

novel CV risk markers have been introduced as predictors of cardiovascular morbidity and mortality,1 

such as C-reactive protein (CRP) and microalbuminuria. 

CRP is a sensitive marker of inflammation. Inflammation, either systemically or at local sites, 

may underlie the atherosclerotic process resulting in vascular end-organ damage2,3 and it applies 

to multiple vascular beds. Indeed, slight increases in serum CRP levels are associated with an 

increased risk for damage in different vascular beds, including the heart, brain,4 kidneys5 and lower 

extremities,6 however, CRP is not an independent risk marker for CV disease in some reports.7,8
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Microalbuminuria, classically defined as a urinary albumin excretion of 30-300 mg/24h, has 

also been identified as a risk marker for CV disease. Like CRP, microalbuminuria is a powerful 

marker of arterial disease in various vascular beds. Therefore, its appearance in the urine does not 

only reflect early vascular or glomerular disease in the kidney but microalbuminuria also indicates 

early vascular or endothelial damage in the vascular tree in general.9 Indeed, microalbuminuria is 

related to subclinical atherosclerosis10 and indicates increased risk for vascular disease in the 

heart, brain, kidney and lower extremities.11-13

The associations of both CRP and microalbuminuria with vascular disease in different 

vascular beds have not been investigated. A number of studies have shown a link between the 

two parameters in non-diabetic, and in diabetic and obese subjects.14,15 These studies suggested 

that microalbuminuria and CRP reflect a common link with respect to vascular disease. In the 

current cross-sectional study we had the opportunity to study both CRP and microalbuminuria 

with respect to various domains of vascular disease in a sample of the general population. 

Therefore, we investigated the relation between CRP, microalbuminuria and vascular disease in 

various vascular beds such as the heart, kidney and lower extremities. We secondly investigated 

whether these associations were different for the different vascular beds we have evaluated.

Methods

Study Population and design

The PREVEND study (Prevention of REnal and Vascular ENdstage Disease) is a population-

based cohort study. Baseline data were collected in 1997/1998 in male and female subjects 

aged 28-75 years living in the city of Groningen, The Netherlands. The PREVEND study is 

designed to investigate the natural course of microalbuminuria and its relationship with renal 

and cardiovascular disease. Details of the study design and methods have been described 

elsewhere.16 In short, all inhabitants were asked to send in a morning urine sample and to fill 

in a short questionnaire on demographics and cardiovascular medical history. All subjects with 

a urinary albumin concentration >10 mg/L and a randomly selected sample of subjects with a 

urinary albumin concentration <10 mg/L were invited to perform two visits at the outpatient 

clinic. Subjects who were pregnant or using insulin were excluded. We eventually performed 

baseline measurements in a total of 8,592 invited subjects: the sample of this study. This 

study was approved by the medical ethics committee and conducted in accordance with the 

guidelines of the declaration of Helsinki. All participants who attended the outpatient clinic 

gave written informed consent.
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The two visits included the following measurements: anthropometric measurements (height, 

weight, waist and hip circumferences), blood pressure measurements at the first and second visit 

respectively, ankle pressure measurements, electrocardiograph recordings, fasting blood samples 

and the collection of 2x24 hours urine samples after thorough oral and written collection instruction. 

All 8,592 subjects completed an extensive questionnaire on demographics, cardiovascular and renal 

and family medical history, and drug use. 

Laboratory methods

Urinary albumin concentrations were determined by nephelometry with a threshold of 2.3 mg/L 

and intra- and inter-assay coefficients of variation of less than 2.2% and 2.6%, respectively (Dade 

Behring Diagnostic, Marburg, Germany). High sensitive CRP was also determined by nephelometry 

with a threshold of 0.175 mg/L and intra- and inter-assay coefficients of less than 4.4% and 

5.7%, respectively (BNII N, Dade Behring, Marburg, Germany). CRP levels below the detection level 

were scored as 0.18 mg/L. Plasma glucose, serum cholesterol, serum and urinary creatinine were 

determined by Kodak Ektachem dry chemistry (Eastman Kodak, Rochester, New York, U.S.A.). Urinary 

leukocyte and erythrocyte measurements were done by Nephur-test+leuco sticks (Boehringer 

Mannheim, Mannheim, Germany).

Calculations

Systolic and diastolic blood pressure was calculated as the average of the last two measurements 

of both visits. Body mass index was calculated as the ratio between height (kg) and the square of 

height (m) (kg/m2). Urinary albumin excretion was calculated as the mean of two 24 hours urine 

collections. Creatinine clearance was calculated as urine volume (ml) per minute times the urinary 

concentration of creatinine and divided by the serum concentration of creatinine. The mean of two 

values derived from both 24 hours urine collections was used for analysis.

Data handling and definitions

Urinary albumin measurements were considered unreliable in 451 subjects with either leukocyturia 

or erythrocyturia (erythrocytes >50 cells/mm3 or leukocytes >75 cells/mm3, or leukocytes=75 

cells/mm3 and erythrocytes >5 cells/mm3). We also excluded 312 subjects with diabetes mellitus 

(fasting glucose >7.0 mmol/L or non-fasting glucose >11.1 mmol/L or antidiabetic therapy) and 

65 with known renal disease. We excluded 79 subjects with macroalbuminuria (albuminuria 
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>300 mg/24h) and 270 subjects with a CRP level >10 mg/L. We also excluded those subjects with 

vascular damage in more than one organ system (n=82). We missed 167 cases because of missing 

data on one or more of the above exclusion criteria. 

Missing data on coronary heart disease, creatinine clearance and incomplete ankle pressure 

measurements were present (n=123, 58 and 317 respectively). A separate analysis was performed 

in which the effect of missing data was evaluated by including an available/not available term, 

which did not change the estimated effects. All together 6,669 subjects were eligible for 

analysis.

Domains of vascular disease. We determined vascular disease according to three different 

vascular beds, i.e. the heart, the kidney and the lower extremities.

The heart. Established coronary heart disease was defined as prior myocardial infarction with 

hospitalisation reported by questionnaire and/or an infarct pattern on the electrocardiogram, 

defined by Minnesota codes 1.1 and 1.2. Standard 12-lead electrocardiograms were recorded 

with Cardio Perfect equipment (Cardio Control, Delft, the Netherlands), stored digitally and 

classified according to Minnesota code using the computer program MEANS (Modular ECG 

Analysis System). 

The kidney. We used measured creatinine clearance <60 ml/min as the definition for renal 

insufficiency. To avoid bias due to primary renal disease, we excluded subjects with leukocyturia 

and/or erythrocyturia, known renal disease, diabetes mellitus, and macroalbuminuria. In addition, 

we tested the robustness of our results regarding renal insufficiency by defining other criteria, 

e.g. the sex-specific 5th percentile values of creatinine clearance, creatinine clearance corrected 

for body surface area (BSA) and the sex-specific 95th percentile value of serum creatinine for 

renal insufficiency.17 We also calculated our results with creatinine clearance corrected for BSA 

according to the K/DOQI guidelines.18 These steps, however, did not change the results of this 

study.

The lower extremities. Peripheral artery disease was defined as an ankle-brachial index < 0.9 in at 

least one leg and/or prior arterial surgery of the lower limbs.19 At the first visit, while the participant 

was in a supine position, systolic blood pressure was measured each minute with an automatic 

Dynamap XL Model 9300 series device at the right brachial artery (10 times total). Within the first 

5 minutes, systolic ankle pressure at each leg was measured at the same time a brachial pressure 

was performed. For ankle pressure measurements, the posterior tibial artery was measured 

using an 8-MHz continuous-wave Doppler probe (Huntleigh Model D900, Huntleigh Diagnostics) 

and a random-zero sphygmomanometer. The ankle-brachial index was calculated as the ratio of 

the systolic blood pressure of the ankle and arm for each leg. The lowest ankle-brachial index in 

either leg was used in the analysis. 
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Risk factors and indicators. Microalbuminuria was defined as a urinary albumin excretion 

30-300 mg per 24 hours. An elevated CRP level was defined as >3 mg/L. Other cardiovascular 

risk factors were also dichotomised and defined as follows: age above 60 years, male sex, 

Table 1. Population characteristics: prevalence of risk factors according to elevated C-reactive protein levels 

and microalbuminuria.

Risk factor Overall Elevated CRP Microalbuminuria

No Yes No Yes

N (absolute, %) 6669 5138 (80.9) 1210 (19.1) 5920 (88.8) 749 (11.2)

C-reactive protein (mg/L) 0.8 (0.4-1.5) 4.8 (3.7-6.5) 1.0 (0.5-2.3) 1.9 (0.9-3.7)‡

Albuminuria (mg/24h)     8.5 (6.1-14.3) 10.2 (6-21)† 8.1 (5.9-12.1) 51.7 (38-83)

Age (yr) 48.0 (12.3) 47.3 (12.1) 51.0 (12.8)† 47.2 (12.0) 54.5 (12.6)‡

Age >60 yr (%) 19.9 17.9 28.4† 17.6 38.2‡

Male gender (%) 48.1 52.9 45.8† 50.1 65.8‡

Systolic blood pressure (mmHg) 127 (19) 126 (19) 133 (21)† 126 (18) 141 (23)‡

Diastolic blood pressure (mmHg) 73 (10) 73 (10) 75 (10)† 73 (9) 79 (11)‡

Hypertension (%) 27.8 24.9 38.9† 24.1 56.5‡

Cholesterol (mmol/L) 5.6 (1.1) 5.5 (1.1) 5.9 (1.1)† 5.6 (1.1) 5.9 (1.1)‡

Hypercholesterolemia (%) 23.6 21.6 31.5† 22.5 32.7‡

Body mass index (kg/m2) 25.8 (3.9) 25.3 (3.6) 27.5 (4.6)† 25.5 (3.8) 27.6 (4.6)‡

Obesity (%) 13.5 10.4 25.6† 12.0 25.1‡

Glucose (mmol/L) 4.7 (0.6) 4.7 (0.6) 4.8 (0.7)† 4.7 (0.6) 5.0 (0.7)‡

Elevated glucose (%) 3.1 2.6 4.8† 2.4 8.5‡

Smoking (%) 37.8 35.4 45.9† 37.5 40.0

Family history (%) 18.4 17.6 21.4† 18.3 18.6

Data are presented as mean (SD) for normally distributed parameters or median (25-75th percentile) for skewed 

distributions. † P<0.005 (Elevated CRP yes versus no), ‡ P<0.005 (Microalbuminuria yes versus no).
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hypertension (diastolic blood pressure >90 mmHg or systolic blood pressure >140 mmHg or 

antihypertensive use), hypercholesterolemia (total serum cholesterol >6.5 mmol/L or lipid-

lowering therapy), obesity (body mass index >30 kg/m2), elevated plasma glucose (plasma 

glucose 6.1-7.0 mmol/L) as an approximate of glucose intolerance,20 positive cardiovascular 

family history (first-grade relatives with established cardiovascular events before the age of 

55), and smoking (current cigarette smoking or quit smoking <1 year).

Table 2. Prevalence of risk factors, including CRP and microalbuminuria, according to different vascular 

beds.

Risk factor Vascular disease Domains of vascular disease

 Absent Present Coronary heart 

disease

Renal 

insufficiency

Peripheral 

artery disease

N 5870 799 325 172 302

Elevated CRP, % 17.9 27.7a¶ 28.4 29.5 26.0

Microalbuminuria, % 10.4 17.5a ¶ 22.5b‡c† 12.8 14.9

Age > 60 yr, % 17.1 40.3a¶ 42.2 45.3 35.4

Male gender, % 51.3 55.6a† 67.4b¶,c¶ 32.0d¶ 56.3

Hypertension, % 25.7 42.8a¶ 44.9 38.5 43.1

Hypercholesterolemia, % 22.0 35.3a¶ 37.3 37.5 31.9

Smoking, % 37.5 39.8 31.9c¶ 41.3 47.4

Obesity, % 13.3 14.7 18.8b†,c† 11.6 12.0

Elevated glucose, % 2.9 4.6a‡ 5.8 1.7 5.0

Positive family history, % 18.2 19.1 18.6 24.2 16.8

In this table, the prevalence of risk factors among subjects without or with vascular disease is compared (left). The 

presence of vascular disease is subsequently divided into coronary heart disease, renal insufficiency and peripheral 

artery disease (right). a) Significance levels of absent versus present vascular disease. b) Coronary heart disease 

versus renal insufficiency. c) Coronary heart disease versus peripheral artery disease. d) Renal insufficiency versus 

peripheral artery disease † P<0.05, ‡ P<0.01, ¶ P<0.005.
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Statistical analysis

Analyses were performed using the statistical package SPSS 10.1 (SPSS, Chicago, IL, U.S.A.). The 

significance level was determined at P<0.05. Continuous data are reported as mean with standard 

deviation. In case of a skewed distribution, the median with the interquartile range is presented 

(CRP and albuminuria). The prevalence of all risk factors were compared between all three vascular 

domains and also compared with subjects with no vascular disease. For comparison between 

prevalences, X2 analysis was carried out.

Logistic regression analysis was used, in which all three vascular domains were analysed 

separately as the independent variable. Subjects with damage in more than one vascular system 

were excluded. Crude, age and sex adjusted and odds ratios adjusted for all risk factors are 

presented. Each analysis was performed with and without adding CRP or microalbuminuria into 

the analysis to determine their relative contributions to vascular disease. Finally, a multivariate 

analysis, including tests for interactions between either CRP or microalbuminuria and other 

risk factors on the risk of vascular disease, was performed. Interaction terms were considered 

statistically significant at a P value of <0.1.

Results

Coronary heart disease was present in 4.9% of the subjects, renal insufficiency in 2.6% and 

peripheral artery disease in 4.5%. Table 1 shows the overall prevalence of an elevated CRP (19.1%) 

and microalbuminuria (11.2%) as well as the classical risk factors according to the absence or 

presence of an elevated CRP and microalbuminuria. The table shows that an elevated CRP level 

was associated with an increased age, female gender, hypertension, hypercholesterolemia, 

Table 3. Logistic regression analyses: elevated C-reactive protein levels and its relative risk (odds ratio) on 

coronary heart disease, renal insufficiency and peripheral artery disease.

Coronary heart disease Renal insufficiency Peripheral artery disease

Model 1 1.82 (1.41-2.35) 1.92 (1.37-2.70) 1.62 (1.23-2.12)

Model 2 1.69 (1.30-2.20) 1.60 (1.13-2.26) 1.51 (1.15-1.99)

Model 3 1.64 (1.24-2.16) 1.60 (1.11-2.31) 1.38 (1.04-1.85)

Model 1: Crude odds ratios Model 2: Adjustment for age and gender Model 3: Model 2 + adjustment for risk factors 

and for microalbuminuria.
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obesity, elevated glucose level, increased prevalence of smoking and positive family history 

of cardiovascular disease. This pattern was also observed in subjects with microalbuminuria. 

In contrast however, microalbuminuria was not associated with a positive family history of CV 

disease and smoking. Also, microalbuminuric subjects were more frequently male.

Table 2 shows the prevalence of elevated CRP and microalbuminuria as well as the CV disease 

risk factors according to the absence or presence of overall vascular disease (left columns). The 

prevalence of elevated CRP (27.7 vs 17.9%) and microalbuminuria (17.5 vs 10.4%) was increased 

in subjects with vascular disease as compared to subjects without disease (both P<0.005). 

Furthermore, subjects with vascular disease were older, male, hypertensive, hypercholesterolemic 

and more subjects had an elevated glucose level. We further subdivided the presence of vascular 

disease in the three domains of vascular disease (right columns). There was a clear distinction 

between CRP and microalbuminuria with respect to their associations with damage in the different 

vascular beds. The prevalence of elevated CRP was not different between vascular regions (heart 

vs kidney vs peripheral arteries: 28.4 vs 29.5 vs 26.0%, NS), whereas microalbuminuria was most 

prevalent in subjects with coronary heart disease (22.5 vs 12.8 vs 14.9%, P<0.05, respectively). 

The prevalence of older age, hypertension, hypercholesterolemia, elevated glucose level and a 

positive family history were similar among the three domains of vascular disease. Male gender and 

obesity were clearly more prevalent in subjects with coronary heart disease as compared to the 

other domains. Male gender was also more prevalent in subjects with peripheral artery disease as 

compared to renal insufficiency. Smoking was more prevalent in subjects with peripheral artery 

disease as compared to subjects with coronary heart disease. 

Table 3 shows the risks of either having coronary heart disease, renal insufficiency or peripheral 

artery disease when having an elevated CRP level. An increased CRP level was associated with all 

domains of vascular disease, also after adjustment for age and gender. Adjustment for potential 

Table 4. Logistic regression analyses: microalbuminuria and its relative risk (odds ratio) on coronary heart 

disease, renal insufficiency and peripheral artery disease.

Coronary heart disease Renal insufficiency Peripheral artery disease

Model 1 2.50 (1.90-3.29) 1.27 (0.80-2.00) 1.51 (1.09-2.10)

Model 2 1.81 (1.36-2.41) 1.10 (0.69-1.77) 1.22 (0.87-1.70)

Model 3 1.60 (1.17-2.18) 1.07 (0.65-1.77) 0.98 (0.68-1.41)

Model 1: Crude odds ratios. Model 2: Adjustment for age and gender. Model 3: Model 2 + adjustment for risk factors 

and for C-reactive protein.
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confounders or risk modifiers, including the presence of microalbuminuria, yielded relative risks 

of CRP of approximately 1.5 for each domain of vascular disease. For microalbuminuria, a different 

pattern was seen (Table 4). Microalbuminuria was associated with an increased risk of having 

coronary or peripheral artery disease, whereas no relation with renal insufficiency was found. 

After adjustment for age and gender, and subsequent correction for risk factors as well as CRP, 

microalbuminuria was significantly associated with coronary heart disease only (OR 1.60 (1.17-

2.18)). 

Figure 1. Interaction of C-reactive protein and age on the risk of vascular disease

Interactions between C-reactive protein and age on the risk of coronary heart disease (A), renal insufficiency 

(B) and peripheral artery disease (C).
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Increased age and hypercholesterolemia were independently associated with all three 

domains of vascular disease, whereas male gender was independently related to coronary heart 

disease. Hypertension was independently associated with peripheral artery disease, whereas 

smoking was positively and obesity inversely related to renal insufficiency and peripheral artery 

disease.

We also investigated possible effect modification of CRP, microalbuminuria and CV risk 

factors on the risk of vascular disease. We found positive interactions only between age and 

CRP on the risk of coronary heart disease (Figure 1A, interaction P<0.01), renal insufficiency 

(Figure 1B, interaction P<0.10) and peripheral artery disease (Figure 1C, interaction P=0.12). 

The estimated increase in risk was at about 4-7 fold when both risk factors were present as 

compared to subjects without these risk markers. We did not find an interaction between CRP 

and microalbuminuria on either domain of vascular disease.

Discussion

In this study, we established that CRP and microalbuminuria are independent risk markers for 

vascular disease. Intriguingly, CRP and microalbuminuria each show a different risk profiling for 

the different vascular beds. Whereas CRP is important in heart, kidney and peripheral vasculature, 

microalbuminuria is associated only with coronary heart disease. Furthermore, the association of 

CRP with the risk for coronary heart disease, renal insufficiency and peripheral artery disease is 

mainly present in older subjects. Whether these cross-sectional conclusions can be extended to 

a future prediction of these vascular aberrations warrants a prospective study. 

This study shows that CRP and microalbuminuria relate to vascular disease in different 

vascular beds independently of CV risk factors. Several studies have shown that CRP and 

albuminuria relate to the same risk factors for atherosclerotic CV disease, i.e. age, obesity,21,22 high 

blood pressure,23 smoking,24,25 the insulin resistance syndrome,26 dyslipidemia15,27 and other risk 

markers, even in non-diabetic or non-hypertensive populations. These risk factors however, could 

not explain the association between CRP, microalbuminuria and CV disease in our cohort, except 

for the association between microalbuminuria and peripheral artery disease, of which the latter 

was mainly accounted for by age. Furthermore, our study shows that CRP and microalbuminuria 

relate to vascular disease in different vascular beds independently of each other. Since CRP and 

microalbuminuria relate to various CV risk factors and concomitant atherosclerotic burden, a 

common link with respect to vascular disease is suggested in the literature. However, our data 

indicate that CRP and microalbuminuria may reflect different pathophysiological processes 
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leading to different types of vascular disease. In agreement with this suggestion, Stehouwer et al 

showed that CRP and microalbuminuria independently predicted cardiovascular mortality in type 

2 diabetic subjects.28 In addition, Jager et al recently showed that CRP and microalbuminuria were 

independent risk markers for cardiovascular mortality in an age and glucose tolerance stratified 

sample of the population.1 Our data provide a substantiation of these findings with regard to 

vascular disease in different regions of the vasculature in non-diabetic subjects. 

How can we explain that CRP is related to damage in all vascular beds, whereas 

microalbuminuria is preferentially related to the heart? It could be due to the fact that the 

sensitivity for CRP to detect vascular disease in subjects selected from the general population 

is higher than for microalbuminuria. It could also mean that in different regions of the vascular 

tree different risk factors play different roles, e.g. it has been suggested that smoking affects 

peripheral arteries more than the coronary arteries.19 The mechanism of the relation between CRP 

and progressive cardiovascular disease is assumed to be based on a low-grade inflammatory state 

either originating in the vasculature or a systemic effect on the vasculature due to inflammatory 

mediators released elsewhere in the body e.g. adipose tissue, or due to external stimuli, e.g. 

smoking. Microalbuminuria is thought to reflect a generalised vascular leakiness due to vascular 

damage or (subclinical) atherosclerosis.10,29. Therefore, we did expect an equal contribution of 

CRP and microalbuminuria to vascular disease or a possible synergistic effect. The fact that 

microalbuminuria only relates to coronary heart disease may indicate that hemodynamics are 

important. This is the more likely as blood pressure is much more elevated in microalbuminuric 

subjects compared to subjects with an elevated CRP level (Table 1). 

 Interestingly, we found synergistic contributions of CRP and older age on the risk of coronary 

heart disease, renal insufficiency and peripheral artery disease. Thus, the effect of ageing on 

the risk of CV morbidity may well be mediated via the process of low-grade inflammation. In 

accordance with our data, the majority of other data available in the literature show consistent 

associations between CRP and CV disease in the elderly. To our knowledge, no other publications 

exist which describe an interaction between CRP and ageing on the risk of CV morbidity.

Our finding of the absence of an association between microalbuminuria and renal 

insufficiency seems somewhat contra-intuitive at first glance. Yet, our results are not discordant 

with the existing literature. In subjects with diabetes mellitus, for instance, it is well established 

that the early stage of disease is accompanied by an increase in glomerular filtration rate (GFR) 

– hyperfiltration – which is associated with the development of microalbuminuria. The GFR is 

elevated and remains so while microalbuminuria occurs. However, once macroalbuminuria ensues, 

renal function starts to decline.13,30 Our group has recently presented evidence for a comparable 

relationship between renal function and the urinary albumin excretion rate in the general, non-
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diabetic, population. Like in subjects with diabetes mellitus, we found an association between 

microalbuminuria and high GFR, as well as an association between macroalbuminuria and low 

GFR.16

Our study has a number of limitations. First, it is cross-sectional in design and firm conclusions 

can only be drawn with a prospective follow-up of our cohort.

Second, the definitions of vascular disease are defined by clinical parameters: for coronary 

heart disease we used electrocardiograms and a questionnaire, for peripheral artery disease we 

used ankle brachial index and a questionnaire, and for renal insufficiency creatinine clearance 

was used. This possibly limits generalisation of the data to other populations and other types of 

vascular disease for example in cerebro.

Third, renal insufficiency was defined as a creatinine clearance of <60 ml/min which may 

have introduced biases. However, the results remained unchanged when we varied the criteria for 

the definition of renal insufficiency in the analysis (see methods).

Fourth, we used renal insufficiency as a parameter of vascular disease. Despite excluding 

subjects with known renal disease, some subjects could have a cause of the renal insufficiency 

other than generalised atherosclerosis or benign nephrosclerosis / glomerulosclerosis. However, 

since we also excluded subjects with leukocyturia and/or erythrocyturia, diabetes mellitus, and 

macroalbuminuria, it is unlikely that primary renal disease has contributed to the occurrence 

of low creatinine clearance. The importance of vascular disease in the renal domain, as a cause 

of mild renal insufficiency, is strongly corroborated by a recent study performed in the general 

population. In this study, it was not only shown that mild renal insufficiency is associated with 

cardiovascular mortality,31,32 but also that this association can be explained by co-occurrence of 

mild renal insufficiency with traditional cardiovascular risk factors.31 Furthermore, nephrosclerosis 

or glomerulosclerosis share similarities with generalised atherosclerosis and arteriolosclerosis.33,34 

Thus, we feel that the use of renal insufficiency as parameter of vascular disease is valid.

Fifth, similar as subjects with macroalbuminuria, we also excluded subjects with CRP levels 

>10 mg/L suggestive of inflammatory processes other than the ‘atherosclerotic’ process. It has 

been suggested that, in the absence of infectious disease, CRP levels can be as high as up to 20 

mg/L, especially in the elderly.35 We therefore also performed analyses in which we only excluded 

subjects with CRP levels >20 mg/L. This measure did not change the results of our study.

Finally, the risk estimates are moderate. However, the risks might be underestimated due 

to misclassification problems and, the relative risks of CRP and microalbuminuria on the three 

domains of vascular disease are comparable to that of other risk factors. Our analyses may 

therefore have underestimated the true association between CRP, microalbuminuria and the 

various domains of vascular disease. 
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In summary, our data show that CRP and microalbuminuria relate to several domains of 

vascular disease. However, an elevated CRP level independently relates to all three studied vascular 

disease parameters, i.e. heart, kidney and peripheral artery disease, whereas microalbuminuria 

was independently associated only with coronary heart disease. This indicates that CRP and 

microalbuminuria have different associations with vascular disease along the arterial tree. 

Potentially, both parameters should be independently used as predictors of CV morbidity. To date, 

it remains to be elucidated to what extent and by which mechanisms CRP and microalbuminuria 

are both related to macrovascular disease in non-diabetic subjects.
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Abstract

Background. Both increased C-reactive protein (CRP) and albuminuria have been found associated 

with an increased risk of total and cardiovascular (CV) mortality in individual studies. It has not 

yet been investigated whether CRP and albuminuria add to the risk of total and CV mortality. 

Methods and Results. We conducted a prospective study with a median follow-up of 1709 days 

in the city of Groningen, the Netherlands, comprising of 8,592 men and women, aged 28-75 years 

old. These subjects were identified in the Prevention of Renal and Vascular Endstage Disease 

(PREVEND) study during 1997-1998. CRP and albuminuria levels were measured at baseline using 

highly sensitive methods, in addition to conventional risk factors. Crude analyses showed that 

both CRP and albuminuria increased and added to the absolute and relative risk of total, CV and 

non-CV mortality. In multivariate analyses, both CRP and albuminuria levels increased the risk of 

both CV and non-CV mortality (CRP: hazard ratio for CV 1.19 (95%CI 1.01-1.41) and non-CV 1.30 

(1.16-1.45); albuminuria: CV 1.23 (1.09-1.39) and non-CV 1.14 (1.03-1.26) per 2-fold increase 

of their levels, respectively). This increased risk appeared to be independent of classical risk 

factors and of each other. Diabetes, elevated blood pressure and total cholesterol did not add 

prognostic information to the multivariate model, whereas smoking and male gender increased 

the risk approximately 2-fold. For both CRP and albuminuria, the increase in mortality risk was 

not significantly higher for CV as compared to non-CV mortality. 

Conclusions. CRP and albuminuria are independent, additive risk predictors of all-cause, CV 

and non-CV mortality among subjects in the general population. Both markers provide more 

information about CV risk than conventional risk factors alone.

Introduction

C-reactive protein (CRP), the prototypic acute-phase protein, predicts cardiovascular (CV) morbidity 

and mortality in high-risk patient groups,1,2 type 2 diabetes mellitus3 and the general population.4-10 

Increased levels of albuminuria have been shown to predict CV disease among subjects with either 

diabetes or hypertension, and in the elderly.11-15 We showed that albuminuria is an independent 

predictor of mortality in the general population, which was more attributable to CV than to non-CV 

causes.16 Both CRP and albuminuria may thus serve as a screening tool in the general population to 

improve the identification of subjects at increased risk of death. 

It is widely assumed that CRP represents the inflammatory component of the process of 

atherosclerosis in the arterial vessel wall.17 The commonly held view is that albuminuria reflects 
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generalized endothelial dysfunction along the vascular tree.18 Since CRP and albuminuria represent 

closely related pathophysiological pathways of the same disease process, one might anticipate that 

the association of either marker with mortality is, more or less, explained by the other. Interestingly, 

in a cross-sectional study, we recently found that CRP and albuminuria are differently associated 

with manifestations of disease in various vascular beds, like the heart, the kidney, and peripheral 

arteries.19 Prospective data concerning the relative contribution of CRP and albuminuria to the risk 

of CV versus non-CV mortality in the general population are yet not available.

Therefore, we questioned whether CRP and albuminuria independently add to the risk of all-

cause, CV and non-CV mortality, and independently of classical risk factors. Second, we questioned 

whether these risk markers are more specifically related to CV than to non-CV mortality. Finally, 

we investigated possible effect-modification by albuminuria on the relation between CRP and 

mortality, and vice versa. 

Methods

Population and design

PREVEND is the acronym of Prevention of REnal and Vascular ENd stage Disease study, which is 

designed to prospectively investigate the natural course of urinary albumin excretion and its 

relation to renal and CV disease in a large cohort drawn from the general population. Details of 

this study have been described elsewhere.20,21 In short, in 1997-1998, all inhabitants of the city 

of Groningen were sent a short questionnaire on demographics and cardiovascular morbidity and 

a vial to collect an early morning urine sample. Altogether, 40,856 subjects responded (47.8%). 

Pregnant women and diabetic subjects using insulin were excluded. All participants with a urinary 

albumin concentration >10 mg/L (n=7,768) were invited to our outpatient clinic together with a 

random sample of subjects with a urinary albumin concentration <10 mg/L (n=3,395). The study 

population comprised of 8,592 subjects who completed the total screening program. 

The screening program consisted of two visits. Shortly, the first visit comprised of anthro-

pometric measurements (height, weight, waist circumference), blood pressure measure-ments 

each minute during 10 minutes in supine position, ankle pressure measurements and the evaluation 

of a self-administered questionnaire by a trained nurse. This questionnaire included renal, CV and 

oncological morbidity, and data on the use of anti-hypertensive, lipid lowering medication and anti-

diabetic medication. The second visit comprised of electrocardiographic recordings, blood pressure 

measurements each minute during 8 minutes and fasting blood samples were drawn. Subjects 

were asked to collect two times 24 hours urine samples as described before. 
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All participants gave written informed consent. The PREVEND study was approved by the 

local medical ethics committee and was conducted in accordance with the guidelines of the 

Declaration of Helsinki.

Definitions, calculations and exclusion

Blood pressure data are based on the average of four blood pressure values: i.e. the last two blood 

pressure values of both visits. Body mass index (BMI) was calculated as the ratio of weight and 

height squared (kg/m2). Type 2 diabetes was defined as a fasting glucose level of >7.0 mmol/L or a 

non-fasting glucose level >11.1 mmol/L or the use of anti-diabetic drugs. Smoking was defined as 

current smoking. Histories of myocardial infarction or cerebrovascular disease were considered 

present if a participant reported having been hospitalized for at least 3 days because of these 

conditions. Peripheral artery disease was defined as an ankle-brachial index <0.9 in at least one 

leg and/or prior arterial surgery of the lower limbs. 

Creatinine clearance was calculated as the mean creatinine clearance of two urine collections 

with and without correction for body surface area as an estimate of glomerular filtration rate 

(GFR). We validated the relation between GFR and mortality with renal function equations 

commonly used in population-based studies: the Cockcroft-Gault and the simplified MDRD 

formula (Modification of Diet in Renal Disease). We used creatinine clearance per body surface 

area in the final analysis, since indexed or non-indexed GFR estimates yielded similar results.

Urinary albumin measurements were considered unreliable in 451 subjects with either 

leukocyturia or erythrocyturia (erythrocytes >50 cells mm3 or leukocytes >75 cells mm3, or 

leukocytes = 75 cells mm3 and erythrocytes >5 cells mm3). In 415 cases, CRP levels could not be 

measured. Thus, 7,726 subjects were eligible for analysis.

Laboratory methods

Urinary albumin concentrations were determined by nephelometry with a threshold of 2.3 mg/L 

and intra- and inter-assay coefficients of variation of less than 2.2% and 2.6%, respectively (Dade 

Behring Diagnostic, Marburg, Germany). High sensitive CRP was also determined by nephelometry 

with a threshold of 0.175 mg/L and intra- and inter-assay coefficients of less than 4.4% and 5.7%, 

respectively (BNII N, Dade Behring, Marburg, Germany). Plasma glucose and serum cholesterol were 

determined by Kodak Ektachem dry chemistry (Eastman Kodak, Rochester, New York, U.S.A.). Urinary 

leukocyte and erythrocyte measurements were done by Nephur-test+leuco sticks (Boehringer 

Mannheim, Mannheim, Germany).
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Mortality data

From the time of recruitment, the vital status of all participants was evaluated through the 

municipal register. The cause of death was obtained by linking the number of the death certificate 

to the primary cause of death as coded by a physician from the Central Bureau of Statistics. 

Causes of death were coded according to the 10th revision of the International Classification of 

Diseases (ICD-10). Cause-specific events used in the analysis were CV disorders (ICD-10 codes 

I01-I99), and the remaining codes were those from non-CV causes (malignancies: C00.0-D48.9, 

and the remainder categories).

Survival time for the participants was defined as the period from the date of the first 

screening in the outpatient clinic until the date of death or the 31st of December 2002. If a person 

had moved to an unknown destination, the person was censored on the last available date.

Statistical analysis

We fitted Cox proportional hazard models to evaluate the effect of albuminuria and CRP on 

mortality. The proportional hazard assumption was assessed for every predictor variable 

using graphical approaches. The log-log-survival curve was found constant over time for each 

parameter. Both CRP and albuminuria showed a log-linear functional shape with the response 

variable and were transformed to a 2-log scale. This means that risk estimates should be 

interpreted as the relative risk if values of CRP or albuminuria were doubled (e.g. 1 to 2 mg/L or 

10 mg/24h to 20 mg/24h).

Our cohort consisted of a random sample of control subjects and a selected sample of 

subjects with <10 mg/L and >10 mg/L of albumin in their urine. Therefore, risk estimates 

were calculated by adding the selection parameter as a confounder in stratified analysis. The 

addition of this selection parameter did not influence the results essentially.

Two competing death causes were distinguished: CV and non-CV. We used competing 

risk analyses which allowed us to compare the effects of explanatory variables on either CV 

or non-CV death.22 Models are presented as crude and age/gender adjusted risks of mortality. 

From the final multivariate model, we calculated relative hazards and cumulative incidences 

across continuous, and 25th and 75th percentile levels of CRP and albuminuria on CV mortality, 

respectively. Results are summarized by hazard (risk) ratios with 95% confidence intervals 

(95%CI). A value of P<0.05 (2-sided) was used as the nominal level of statistical significance. 

We used the statistical packages SPSS 10.0 (Chicago, IL, USA) and SAS 8.2 (Cary, NC, USA) for 

the analysis. 
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Results

Population characteristics

During a median follow-up of 1709 days (maximum 1933 days), 214 subjects died among a total 

of 7,726 subjects. As indicated by the death certificates, sixty-five subjects were classified as CV 

mortality cases and 149 as non-CV mortality cases.

Table 1 shows the baseline characteristics of all 7,726 participants according to their survival 

status. Compared to the subjects who survived, those who died had a higher baseline prevalence 

of an elevated CRP (>3 mg/L) as well as a higher prevalence of high-normal albuminuria (15-

30 mg/24h), microalbuminuria (30-300 mg/24h) and macroalbuminuria (>300 mg/24h) (all 

P<0.001). Compared to non-CV mortality, those who died from CV causes had a higher baseline 

level of albuminuria and a higher prevalence of micro- and macroalbuminuria (P<0.001), whereas 

the baseline level and prevalence of an elevated CRP did not significantly differ between the two 

competing death causes. 

Compared to the subjects who survived, those who died had a higher baseline prevalence of 

all CV risk factors. Compared to non-CV mortality, subjects who died from CV causes were older 

and more likely to be male. They had a higher mean BMI, waist circumference, systolic and diastolic 

blood pressure, a lower creatinine clearance per BSA and a higher prevalence of cerebrovascular 

disease (all P<0.05).

C-reactive protein, albuminuria and mortality

Table 2 shows the crude incidence rates per 1,000 persons-years for all-cause, CV and non-CV 

mortality stratified by categories of albuminuria and CRP. At every level of CRP, increasing levels 

of albuminuria contributed to an increased absolute risk of all-cause, CV and non-CV mortality, 

and vice versa. The rate ratios were found homogeneous across CRP and albuminuria groups (all 

P values>0.05). This observation suggests an additive relationship of CRP and albuminuria to the 

crude risk of mortality.

Table 3 summarizes the crude and age/gender adjusted results of the Cox proportional hazard 

model using competing risk analyses. When adjusted for age and gender, a doubling of CRP and 

albuminuria increased the odds of CV as well as non-CV mortality (CRP: CV 1.40 and non-CV 1.29; 

albuminuria: CV 1.38 and non-CV 1.13, respectively). CRP appeared equally predictive for CV as 

for non-CV mortality (P
CV

=0.36), whereas albuminuria was more specifically related to CV death 

(P
CV

=0.005). Inclusion of other risk parameters in the regression model slightly attenuated the 

relationship between CRP, albuminuria and the risk of mortality (Table 4). In this multivariate 
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Table 1. Population characteristics according to survival status.

Overall Alive CV death Non-CV death

Subjects, N 7,726 7,512 65 149

C-reactive protein, mg/L 1.3 (0.6-2.9) 1.2 (0.5-2.9)† 2.7 (1.8-6.6) 2.4 (1.2-7.1)

Elevated CRP, %a 24.1 23.9† 47.8 43.2

Albuminuria, mg/24h 9 (6-17) 9 (6-17)† 37 (11-77)‡ 16 (9-40)

High-normal albuminuria, %b 14.7 14.6† 16.9 18.8

Microalbuminuria, %b 12.8 12.2† 42.3‡ 31.0

Macroalbuminuria, %b 1.4 1.3† 11.3‡ 3.3

Age, year 49 (13) 49 (12)† 65 (9)‡ 62 (11)

Male gender, % 51.6 51.1† 80.3‡ 63.5

Body mass index, kg/m2 26.1 (4.2) 26.1 (4.3)† 27.6 (3.7)‡ 26.3 (4.0)

Waist circumference, cm, M 94 (11) 94 (11)† 101 (10)‡ 96 (11)

Waist circumference, cm, F 83 (13) 83 (13)† 94 (11)‡ 86 (12)

Systolic BP, mmHg 129 (20) 129 (20)† 150 (24)‡ 139 (25)

Diastolic BP, mmHg 74 (10) 74 (10)† 81 (10)‡ 78 (10)

Anti-hypertensive use, % 11.9 11.5† 32.4 23.3

Cholesterol, mmol/L 5.6 (1.1) 5.6 (1.1)† 5.9 (1.2) 6.0 (1.2)

Lipid lowering therapy, % 4.5 4.3† 14.9 8.2

Glucose, mmol/L 4.9 (1.2) 4.9 (1.2)† 5.2 (1.1) 5.2 (1.2)

Diabetes, % 3.8 3.6† 9.9 9.0

Current smoking, % 34.2 33.9† 43.7 44.9

Creatinine clearance, ml/min/1.73m2 103 103† 85‡ 92

Myocardial infarction, % 3.1 2.9† 21.4 12.4

Peripheral artery disease, % 5.9 5.6† 22.2 17.1

Cerebrovascular disease, % 0.6 0.6† 8.7‡ 1.3

Malignancy, % 1.5 1.4† 4.2 3.8

Means (standard deviation) and medians (interquartile range) are given for variables with Gaussian and non-

Gaussian distributions, respectively. CV = cardiovascular. BP = blood pressure. M = Male. F = Female. a) An elevated 

CRP is defined as a CRP level >3 mg/L. b) High-normal albuminuria is defined as a urinary albumin excretion of 15-30 

mg/24h, microalbuminuria 30-300 mg/24h and macroalbuminuria >300 mg/24h. † Alive versus CV death (P<0.05) ‡ 

CV versus non-CV death (P<0.05).
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analysis, a doubling of CRP was associated with a 1.19 (1.01-1.41) higher risk of CV mortality, 

whereas a doubling of albuminuria was associated with a 1.23 (1.09-1.39) higher risk of CV 

mortality. The discriminative power of albuminuria to CV relative to non-CV mortality was lost 

in the multivariate model (P
CV

=0.31), although the point estimate of CV mortality (HR 1.23) was 

higher than the risk of non-CV mortality (HR 1.14). A significant interaction between CRP and 

albuminuria with the risk of CV mortality could not be observed (P=0.28).

Table 3 and 4 show all risk factors, including CRP and albuminuria, in ranking order according 

the magnitude of the Wald statistic of CV death. In the multivariate model, albuminuria showed a 

higher Wald statistic than CRP (11.2 versus 3.8). Since the Wald is directly related to the precision 

of the regression coefficient, the effect of albuminuria on CV mortality is more precise than CRP 

which is expressed by the smaller confidence intervals. The estimated risks and Wald statistic 

of albuminuria were found equal if we either implemented the first or second sample or the 

mean of two urinary samples in the model. The calculated risks (95%CI) of CV mortality across 

levels of CRP and albuminuria are graphically depicted on a continuous scale in figures 1a and 1b. 

Among the conventional risk factors, diabetes, increased blood pressure, and cholesterol levels 

did not significantly add prognostic information to the risk of CV death, whereas smoking and 

male gender increased the risk of CV death approximately 2-fold. Also, baseline cerebrovascular 

disease, GFR and waist circumference added prognostic information to the risk of CV death. With 

respect to non-CV death, age, CRP, smoking, waist circumference (inversely), and albuminuria 

Table 2. Stratified crude incidence rates, defined as cases per 1,000 person-years, for all-cause, CV and non-

CV mortality by albuminuria and C-reactive protein.

CRP All-cause mortality CV mortality Non-CV mortality

UAE 0-30 UAE >30 UAE 0-30 UAE >30 UAE 0-30 UAE >30 mg/24h

0.2-0.6 mg/L 1.4 (0.7-3.3) 4.4 (1.8-10.6) 0.3 (0.1-1.1) 0.6 (0.1-4.4) 1.1 (0.6-2.2) 3.8 (1.7-8.4)

0.6-1.2 mg/L 2.8 (1.5-5.2) 9.3 (5.2-14.2) 0.5 (0.1-1.4) 3.1 (1.5-6.5) 2.3 (1.4-3.8) 6.2 (3.7-10.4)

1.2-2.7 mg/L 4.0 (2.5-7.0) 13.8 (8.9-21.4) 0.8 (0.4-2.0) 5.7 (3.5-9.2) 3.2 (2.1-5.0) 8.1 (5.4-12.2)

> 2.7 mg/L 6.9 (4.5-10.9) 17.8 (12.4-25.1) 1.5 (0.8-3.1) 7.0 (4.6-10.0) 5.4 (3.7-7.8) 10.8 (7.8-15.1)

MH 0.73 0.95 0.63

CV = cardiovascular. UAE = urinary albumin excretion (albuminuria). MH = Mantel-Haenszl test of homogeneity (P value) 

Crude incidence rates (95% confidence interval) are stratified by different levels of albuminuria and CRP. A non-

significant P value for the homogeneity test indicates that the relative increase of mortality rates (=rate ratio) with 

increasing CRP levels does not differ between the UAE 0-30 mg/24h and UAE 30+ mg/24h groups.
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Figure 1a, 1b. Relative hazards of cardiovascular mortality across continuous levels of albuminuria (1a) and 

C-reactive protein (1b).

Relative hazards of cardiovascular mortality across continuous levels of albuminuria (1a) and C-reactive 

protein (1b). The lines indicate the estimated hazard ratios (95%CI, dotted lines) according to the regression 

coefficients in table 4. The 95%CI’s cross, since the reference value is set at the 10th percentile of the CRP 

as well as the albuminuria distribution
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were identified as independent predictors (in ranking order: Wald 73.6, 21.8, 8.5, 7.2 and 6.5, 

respectively, not shown). 

To show the additive effects of CRP and albuminuria within the currently used reference 

ranges, cumulative incidence functions using the multivariate Cox model were calculated for 

the combined 25th and 75th percentile CRP/albuminuria values of the mortality cases (Figure 2). 

The curves represent the cumulative incidence functions of CV mortality for a non-hypertensive, 

non-hyperlipidemic, non-diabetic, non-smoking 50-year-old male without a history of myocardial 

infarction or stroke. The 5-years cumulative incidence of CV mortality is estimated ~0.1% 

in subjects with low CRP/low albuminuria levels and ~0.35% in subjects with high CRP/high 

albuminuria levels.

Figure 2. Cumulative incidence of cardiovascular mortality across percentile level of albuminuria and C-reactive 

protein.

This figure represents the cumulative incidence (%) of cardiovascular mortality across percentile values 

(25th, 75th) of both albuminuria and C-reactive protein for nondiabetic, nonhypertensive, nonhyperlipidemic, 

nonsmoking, 50-year old males with no history of myocardial infarction or stroke. In this figure, the 25th 

and 75th percentile values of CRP and albuminuria correspond to the CRP and albuminuria distribution of the 

subjects who died from CV causes. UAE = urinary albumin excretion (=albuminuria).
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Discussion

In this study, we have shown the independent, additive value of CRP and albuminuria with 

respect to the risk of all-cause, CV and non-CV mortality in the general population. The relative 

risks and cumulative incidences of CV death are comparable with increasing levels of both 

markers, although albuminuria provides a more accurate marker of CV death relative to CRP. 

The risks of death conveyed by elevated CRP and albuminuria levels were not significantly more 

attributable to death from CV causes than to death from non-CV causes. The data support 

earlier findings that CRP and albuminuria levels within clinically used reference limits already 

increase the risk of death.

This is the first study to show the independent contribution of CRP and albuminuria to 

the risk of CV death in the general population. Our results are in line with an earlier report, 

which described the independent relation of both markers with the risk of CV mortality in type 

2 diabetes.3 Our results clearly extend results from individual studies relating either CRP or 

albuminuria with CV mortality, which suggested independent contributions of both markers 

beyond conventional risk factors in types of populations.1-11 We show that the risk conveyed by 

CRP and albuminuria goes beyond the risk held by conventional risk factors used in (absolute) 

risk scores: hypertension, hyperlipidemia, smoking and diabetes.23 Regarding the strength of 

association of CRP and albuminuria with the short-term risk of mortality in our study, both 

markers may add prognostic information in risk scores in the primary prevention of CV death.

Ridker et al already proposed CRP as a potential adjunct in global risk assessment in the 

primary prevention of CV disease.24 Regarding the strong and independent role of albuminuria 

in CV risk prediction, the same proposition can be made for albuminuria. Just recently, the 

JUPITER study group has initiated a clinical trial with a statin aimed at reducing CV endpoints 

in subjects with elevated CRP, but normal lipid levels.25 Since pharmacological intervention in 

diabetic subjects with microalbuminuria has clearly shown renal and cardiovascular benefit,26-

28 such albuminuria-targeted intervention may also show benefit in primary prevention of CV 

disease and mortality. Recent data from the PREVEND-IT study show that such a protection 

may well apply to the general population as well (abstract: Asselbergs et al, Circulation 2004).

Only recently, a large case-control study by Danesh et al showed a significant, but moderate 

predictive performance of CRP to the risk of coronary heart disease.29 In contrast to our study and 

studies performed by Ridker et al,30 blood pressure and especially total cholesterol appeared better 

predictors of coronary heart disease than CRP. Reasons for these inconsistencies remain elusive. 

Our results also add to our knowledge concerning the pathophysiological role of 

inflammation and endothelial dysfunction in CV disease progression. The precise mechanism by 
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which CRP and albuminuria increase the risk is not clear. Since CRP and albuminuria have been 

suggested to reflect intimately related processes in atherosclerotic vascular disease, we had 

expected to find that the association between each marker and death would be attenuated by 

the other. However, each parameter explained only a minor part of variance of the other. How can 

we explain this relative independence of both markers? A few issues need to be addressed.

First, the general opinion that CRP reflects the low-grade inflammation indicative of 

atherosclerosis, which eventually leads to an acute coronary or cerebral event, warrants 

consideration for two reasons. Coa et al already showed that elevated CRP levels predicted the risk 

of stroke in the elderly independent from carotid atherosclerosis as assessed by intima-media 

thickness.31 Further, our study indicates the non-specificity of CRP as a marker of inflammation. 

An equally strong relation was found between CRP and two competing death causes: CV and non-

CV, though the risk estimate for non-CV death was, although not statistically significant, higher 

relative to CV death (1.30 versus 1.19). In a case-control study, Gussekloo et al earlier found 

equally strong associations between CRP and all-cause mortality as well as fatal stroke in the 

elderly (though not statistically assessed).8 An equally strong relation was also found between 

albuminuria and CV and non-CV death, though the risk estimate for CV death was higher relative 

to non-CV death (1.23 versus 1.14). Higher levels of albuminuria may be more specific for CV 

involvement relative to higher levels of CRP. It may be hypothesized that higher levels of CRP may 

be less specific for atherosclerosis due to confounding from concurrent illnesses, whereas rising 

degrees of albuminuria may much more lack the influence of confounding factors.

Finally, CRP may reflect a different pathophysiological process in the general population as 

compared to other populations. The concept of CRP being a marker of inflammation in (vulnerable) 

coronary plaques or damaged myocardium comes from earlier studies, in which it was shown 

that elevated CRP levels at hospital admission for myocardial infarction strongly predicted CV 

outcome.1 Subsequently, this inflammation hypothesis was extended to populations at lower 

risk for CV events. Although the association between CRP and mortality was also apparent in 

the majority of studies in low risk populations, the specificity of CRP as a marker of (unstable) 

atherosclerosis may be higher in high-risk populations.

A number of risk factors, which may themselves be linked to mortality, are related to CRP as 

well as albuminuria. These include diabetes, hyperglycemia, hypertension, (abdominal) obesity, 

insulin resistance, dyslipidemia, smoking, renal function, prevalent atherosclerosis as well as age 

or ageing 32,33. Adjustment for these factors only slightly attenuated the relation between either 

CRP or albuminuria with the risk of death. Only adjustment for age weakened the associations 

markedly. Interestingly, diabetes, elevated blood pressure and total cholesterol were not retained 

in the multivariate model.
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Table 4. Cause-specific hazard ratios: mutually adjusted Cox regression models.

Risk factor CV / non-CV HR 95%CI P P
CV

Walda)

Albuminuria (doubling) CV 1.23 1.09-1.39 <0.001 NS 11.2

Non-CV 1.14 1.03-1.26 0.01

C-reactive protein (doubling) CV 1.19 1.01-1.41 0.04 NS 3.8

Non-CV 1.30 1.16-1.45 <0.001

Age (per 5 years) CV 1.54 1.31-1.80 <0.001 NS 28.6

Non-CV 1.49 1.36-1.63 <0.001

Cerebrovascular disease (yes) CV 6.53 2.56-16.7 <0.001 0.03 15.4

Non-CV 0.57 0.08-4.10

GFR (per 5 ml/min/1.73m2) CV 0.91 0.85-0.97 0.002 0.03 9.4

Non-CV 0.99 0.95-1.03

Smoking (yes) CV 2.12 1.25-3.59 0.005 NS 7.8

Non-CV 1.67 1.18-2.36 0.003

Male gender CV 2.06 1.07-3.95 0.03 NS 4.7

Non-CV 1.42 0.97-2.07

Waist circumference (per 5 cm) CV 1.11 1.00-1.25 0.05 0.003 3.7

Non-CV 0.89 0.82-0.97 0.007

P
CV

 = CV versus non-CV mortality. a) In ranking order, the Wald is the value of the Wald statistic of the age and gender 

adjusted risk of CV mortality. The following variables were not retained in the model: BMI, systolic and diastolic 

blood pressure, anti-hypertensive medication, cholesterol, lipid-lowering medication, glucose, diabetes, myocardial 

infarction, peripheral artery disease and baseline malignancy.

CRP and albuminuria have been associated with dysfunction of the coagulation and 

fibrinolytic system as a proposed link between the two markers and CV death.34,35 Further, markers 

of leukocyte adhesion, like levels of soluble vascular and intercellular adhesion molecule-1, have 

been related to the prevalence and the development of an albuminuria.36 We were also unable 

to control for those factors, which could explain the relation between CRP, albuminuria and 

death, e.g. inflammatory processes equally related to premature CV death (arthritis, subclinical 

atherosclerosis, chronic pulmonary disease et cetera). It is apparent that mechanisms underlying 

the increased CV risk of an increased CRP as well as albuminuria require further elucidation.
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The relation between CRP and non-CV mortality needs further exploration. In our earlier report 

we have already discussed the relation between albuminuria and non-CV death.16 The incidence of 

non-CV death was mostly attributable to death from malignant neoplasms. Risk factors related to 

elevated levels of pro-inflammatory proteins, like obesity, increase the risk of cancer.37 Further, 

the relation between CRP and non-CV death could be related to the presence of malignancy at 

baseline. However, adjustment for the presence of obesity, smoking or malignancies at baseline 

did not change the association between CRP and non-CV death.

We confirm the earlier finding of albuminuria being more related to CV as compared non-

CV death, although this discrimination was found non-significant. It may be due to the smaller 

number of CV events relative to our previous report (65 in 7,726 subjects versus 178 cases in 

40,856 subjects).16 Further, the latter report included variables, which were obtained from 

questionnaires, except for albuminuria itself.16 In the present study, we were able to adjust for 

measured blood pressure, total cholesterol and others. Further, we added other factors like waist 

circumference and renal function into our models, which were not included in our previous report. 

Most probably, these two factors attenuated the relation between albuminuria and CV death, 

resulting in a non-significant discrimination between CV and non-CV death.

The present study has a number of limitations. To appreciate our findings of the current study, 

some issues need to be addressed. First, our cohort consists of a selected sample of subjects 

with an elevated urinary albumin concentration (>10 mg/L) and a randomly selected sample of 

control subjects (<10 mg/L). This sampling procedure might have introduced a selection bias and, 

therefore, this bias might affect absolute values and point estimates. However, we added the 

variable ‘selection’ in our model, to control for the sampling procedure.

Biological variability in terms of within-subject variability of both CRP and albuminuria is also 

a main issue. This variation can be as high as 40-50 percent for both markers.38,39 Misclassification 

due to variability may have caused underestimation of the observed association between CRP 

and albuminuria with mortality, since this variability is not related to the explanatory and 

outcome measures (i.e. non-differential misclassification). Serial measurements might have 

improved our ability to estimate the observed effects on mortality, as recently shown with 

respect to CRP and CV death.40 If CRP and/or albuminuria should be used in primary prevention, 

repeated assessments of both markers will probably provide a more reliable risk calculation. On 

the other hand, Danesh et al clearly showed that the long-term variation of CRP, blood pressure 

and cholesterol were comparable.29 Therefore, this variability may have underestimated our risk 

estimates, but comparisons between parameters and risk of mortality seems legitimate.

A strong point of our study is the detailed measurement of well-known CV risk factors and 

indicators, so that we could control our analysis for factors that might be regarded as important 
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confounders of the association of both CRP and albuminuria with mortality.

In conclusion, we show a strong and independent value of both CRP and albuminuria to risk 

of CV and non-CV mortality. Mechanisms underlying the increased CV and non-CV risk held by 

an increased CRP and urinary albumin excretion require further elucidation. There may be an 

important clinical role for both markers in CV risk assessment, which goes beyond blood pressure 

and lipid screening alone. Because both markers provide independent prognostic information, and 

because both markers are modifiable by different strategies, intervention studies may help to 

define optimal preventive treatment in subjects with both elevated CRP levels and albuminuria.
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Introduction

Prevention of end-stage renal disease (ESRD) by early detection and treatment is an important 

tool to stop the growing need for renal replacement therapy. The last decade has brought forward 

strong reasons for such an approach. The incidence of ESRD has increased dramatically, which is 

mostly attributed to type 2 diabetes1 and improved survival from atherosclerotic vascular disease.2 

This increased rate of ESRD further augments the already high burden on the patient and doctor, as 

well as on health care economics. Indeed, patients entering renal replacements program are fifteen 

times more likely to die relative to subjects in the general population.

The target population for prevention still needs to be defined. There is no doubt that prevention 

in patients with glomerulonephritis, pyelo- and interstitial nephritis and diabetic renal disease 

is feasible. For non-diabetic subjects, logical steps are to identify those who are also at risk for 

the consequences of progressive renal disease, such as subjects with (undiagnosed) slight renal 

dysfunction. Only recently, the high prevalence (~10%) of mild to moderate renal insufficiency 

(glomerular filtration rate, GFR <60 ml/min/1.73 m2) in the population has been recognized.3,4 

In mild renal insufficiency, (pre)diabetes, hypertension and other risk factors are already highly 

prevalent.5,6 Moreover, renal insufficiency itself appears to be a major predictor of cardiovascular 

mortality, in the general population as well as in subjects with cardiovascular disease.7,8 Considering 

the high burden of mild renal impairment, this group of patients may be an eligible one in the 

primary prevention of disease and mortality. To identify those individuals at high risk we need a 

minimal set of essential risk factors.

The progression of renal function loss is dictated by several classical risk factors such as 

hypertension, proteinuria, obesity, smoking, and hyper- or dyslipidemia, all of which are potentially 

modifiable. Elevations in blood pressure are a strong independent risk factor for ESRD.9 Proteinuria 

has been more recently established as a key risk marker (and likely a factor)10 of renal function 

decline in subjects with primary renal disease and nephropathy from type 1 or 2 diabetes. A 

proportion of diabetic and hypertensive subjects with even lower amounts of urinary protein or 

albumin excretion (microalbuminuria) will eventually progress to proteinuria and subsequent renal 

function decline.11,12 Obesity is a risk factor for the development of ESRD in the population.13 Recent 

evidence suggests that obesity-related glomerulosclerosis is a serious clinical condition with an 

adverse long-term renal outcome.14 The incidence of this obesity-related glomerulopathy has 

increased tenfold over the last fifteen years in the population. Furthermore, Praga et al underlined 

the impact of obesity by showing that initially healthy obese subjects (BMI >30 kg/m2) were at high 

risk for developing proteinuria and loss of renal function after unilateral nephrectomy as compared 

to lean subjects.15 Smoking has also been demonstrated to be a risk factor for progressive renal 
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function loss. Epidemiological data reveal that smoking has deleterious effects on the kidney in 

populations with as well as without primary renal disease. In the general population and in subjects 

with essential hypertension, smoking is dose-dependently related to albuminuria and decreased 

glomerular filtration rate.16 Smoking also increases the risk of renal failure in the general (male) 

population.9 Hyperlipidemia has been shown to determine decline of renal function and to predict 

the onset of microalbuminuria.17 A dyslipidemic lipid profile, namely low high-density lipoprotein 

and elevated low-density lipoprotein / triglyceride levels, has also been shown to be related to 

microalbuminuria17,18 and renal function decline.19 Intervention studies for all (or most) of the above 

risk markers/factors, including proteinuria,20,21 hypertension,20,21 obesity22 and hyperlipidemia,17 

show indirect or direct evidence for renal protection through a change in intermediate and hard 

renal endpoints.

Interestingly, global cardiovascular (CV) risk assessment involves the same classical risk markers and 

risk factors as for renal risk assessment. There is a host of evidence for blood pressure,23 obesity,24 

smoking,25 and hyperlipidemia26 as predictors of CV outcome. For CV outcome, intervention in 

each of these factors has proven clear benefit.27-29 In addition, there is increasing evidence 

that (micro)albuminuria is also a risk marker for CV disease and mortality in the population.30-33 

Nevertheless, much of the total risk still remains to be explained and optimal intervention still 

leaves a substantial amount of risk. This has stimulated the search for novel, easy to obtain CV 

risk markers or factors, recently resulting in a host of biochemical markers indicative of putative 

pathophysiological mechanisms for CV disease such as inflammation, vascular dysfunction, 

dysregulation of the coagulation and fibrinolysis system, and others. As will be discussed, these 

markers add independent prognostic information about risk in various patient groups.34 These novel 

markers often show high risk estimates,34 often higher than classical risk factors. Table 1 shows 

these risk markers and the relative evidence for their role in predicting CV and renal disease risk. 

For example, high-sensitive C-reactive protein (CRP), a sensitive marker of inflammation, has been 

proposed as a novel predictor of CV outcome: it has been proposed a stronger CV risk predictor than 

low-density lipoprotein cholesterol in many studies. It predicts risk in absence of hyperlipidemia 

or elevated blood pressure, and CRP adds prognostic information in risk scoring systems. This has 

had already such a strong impact that a large intervention trial was undertaken to alter the natural 

course of CV disease by lowering of a biochemical parameter like CRP by a cholesterol-lowering drug 

(JUPITER).35 This would be by analogy with the observation that some antihypertensive drugs such 

as those intervening in the renin-angiotensin-aldosterone system, reduce CV risk beyond their 

effect on blood pressure lowering (e.g. LIFE trial).36 Novel risk markers are expected to add to the 

existing classical repertoire as a possible target for treatment.
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Table 1. Novel risk markers and their significance in the prediction of cardiovascular and renal outcome: an update.

CV evidence # References Renal evidence References

CV outcome in CV outcome in

Population-

based studies

High-risk patients Albuminuria GFR

Inflammatory markers

C-reactive protein +++ a) +++ See text + + See text

Fibrinogen +++ +++ See text ++ + 94,126,160

Tumour necrosis factor-α + ++ 72,161,162 + ? 94

Interleukins (-6, 10,18) ++ +++ 44,47,57,163-168 + + 89,101

Leukocyte count +++ +++ 169-182 + ? 183

Serum amyloid A + ? 47 + ? 116,184

Oxidant stress markers

     Malondialdehyde ? + 185-187 + ? 188,189

     (Urinary) Isoprostanes ? + 190,191 ? ?

Matrix metalloproteinases ? ++ 192-194 + ? 188 (Urinary)195

Myeloperoxidases ? ++ 196-198 ? ?

Endothelial markers

Microalbuminuria +++ +++ See text +++ +++ See text

Von Willebrand factor ++ +++ 68,169,179,199-203 = + See text

Thrombomodulin b) +++ + 201,204-206 + ? 207

Cellular adhesion markers

(Soluble) ICAM-1 ++ ++ See text + = See text

(Soluble) VCAM-1 ++ ++ See text + = See text

MCP-1 = + 138,208 + ? 209,210

(E, L, P)-selectin + + See text + ? 100,141

Hemostasis/Thrombosis

PAI-1 ++ ++ See text + = See text

t-PA ++ ++ 100,143,144 + ? See text

D-dimer ++ + 51,211-213 + + 89,214

Prothrombin fragment 1+2 + ? 41 + + 214

Lipid-associated factors c)

Small dense LDL ++ + 215-222 ? ?
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Lipoprotein(a) ++ ++
223,224 = + 214,225

Apolipoproteins A1, A2 ++ +
226-229 = = 225,230

Apolipoprotein B ++ ++ 226-229 ++ ++ 160,225,230,231

Oxidised LDL + + 232-237 ? ?

Others

Fasting (pro)-insulin) ++ + 238-246 ++ + 114,247-251

Adiponectin + + 252-254 + + 255

Leptin ++ ? 256-258 + + 93,259

Homocysteine ++ ++ 223 + d) 260-264

# : CV outcome is defined as (fatal) myocardial infarction / ischemic heart disease, (fatal) stroke or CV mortality.

ICAM-1 = intercellular adhesion molecule-1, VCAM-1 = vascular cellular adhesion molecule-1, MCP-1 = monocyte 

chemoattractant protein-1, PAI-1 = plasminogen activator inhibitor-1, t-PA = tissue-type plasminogen activator, LDL 

= low-density lipoprotein.

a) Level of evidence of biochemical markers on renal and CV outcome: +++: at least 75% of all prospective studies 

(at least 4) show a statistically significant association between the parameter and outcome. ++: at least 50% of all 

prospective studies (at least 2) show a statistically significant association between the parameter and outcome. +: 

at least 25% of all prospective and/or cross-sectional studies show a statistically significant association between 

the parameter. =: less than 25% of all prospective and/or cross-sectional studies show a statistically significant 

association between the parameter. ?: association between the parameter and outcome is unknown. The criterion 

for a significant association is met if the parameter is suggested to add prognostic information beyond the classical 

risk factors.

b) Thrombomodulin is usually inversely associated with CV outcome. The study by Wu et al showed an interaction 

between thrombomodulin and sICAM on the risk of mortality.

c) Apart from classical risk factors, the independent contribution of lipid abnormalities to outcome is almost 

always investigated in the context of other lipids. With respect to lipid abnormalities, the criterion for a significant 

association is met if the association between the lipid parameter and outcome is suggested to be independent.

d) The correlation between plasma homocysteine levels and GFR (or serum creatinine) in cross-sectional studies is very 

high. With respect to renal function, elevations of homocysteine levels are yet considered to be an epiphenomenon, 

and therefore not causally involved in GFR deterioration.

Given the clear overlap in classical risk markers between renal risk and cardiac risk prediction, 

one would anticipate these biochemical markers to be of use in the ‘renal arena’. Indeed, in 

recent years, these biochemical markers have made their entry in renal risk profiling. This review 

describes the (epidemiological) evidence available today with respect to the link of biochemical 

risk markers and renal outcome, including the associations described in CV disease. There are 

several (biochemical) pathways that may have an important pathophysiological role in CV risk, 

each having important representative markers:
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1. Inflammation   C-reactive protein

2. Endothelial function  Albuminuria, von Willebrand factor

3. Other markers  Leukocyte adhesion molecules 

    Plasminogen activator inhibitor-1 

In this review, we will describe what the pathophysiological role of these pathways could be, which 

markers are available and how they are related to the different intermediate and hard endpoints. 

We will do this both for CV outcome and for renal outcome.

Chapters

1. Markers of inflammation

1.1. C-reactive protein and CV outcome

Undoubtedly, most data on novel risk markers and CV outcome in the population are available 

for CRP. How good is the evidence of the role of CRP in CV risk prediction? After earlier studies 

had shown that CRP was able to predict future coronary events in patients with both stable and 

unstable angina,37 large epidemiological studies showed similar results in subjects at a relatively 

low absolute risk of mortality. Elevated levels of CRP were associated with CV endpoints including 

(non)fatal myocardial infarction, stroke and peripheral artery disease. Most studies show significant 

associations between elevated CRP levels and these endpoint parameters in the population (Table 

1),38-64 except for some studies.65-72 Most authors therefore suggest that CRP has an added value in 

global CV risk assessment,73 while others state that CRP does not add to absolute risk assessment 

according to the Framingham risk score.71 The added value of CRP usually persists after adjustment 

for conventional risk factors, and its ‘independent’ value in comparison with other novel risk 

markers (e.g. interleukin-6, fibrinogen, microalbuminuria, leptin et cetera) warrants further 

research. A recent meta-analysis showed that the increased risk conveyed by high serum CRP levels 

is about 1.5-fold when comparing the lowest tertile with the upper tertile of the CRP distribution.74 

Interstingly, an earlier meta-analysis showed a risk estimate of 2-fold.50 

In the former meta-analysis, CRP showed a risk estimate which was much lower than those risk 

estimates based on blood pressure and total cholesterol.74 This is in sharp contrast with reports 

mentioned before, which showed superiority of CRP relative to other risk factors. Possibly, some 

publication bias is present in earler studies.

1.2. CRP: meachnisms of CV outcome

Before implementing a risk factor (or marker) into clinical practice, concepts concerning its role 



113113

in biology and vascular pathophysiology are suggested, this happening to cholesterol decades 

ago. What are the current concepts relating CRP to CV outcome? CRP, the prototypic acute-phase 

protein, is a sensitive but non-specific marker of inflammation. In case of infection or tissue injury, 

it is quickly upregulated and produced by the liver mainly through stimulation of its synthesis by 

interleukin-6 and other cytokines.

What can be the mechanisms behind the relation between inflammation and CV events? 

Inflammation may be related to CV outcome in various ways. First, atherosclerosis is a low-grade 

inflammatory disease, this inflammation evolving at young age culminating in the disruption of 

an unstable plaque.75 The generally held assumption is that CRP reflects the inflammatory status 

or activity at atherosclerotic sites. This is certainly possible, though data are currently conflicting. 

Studies in favour of such a role show that CRP is associated with the extent of atherosclerosis 

measured at various sites of the vascular tree.76 CRP levels are generally higher in subjects with 

more severe atherosclerosis, e.g. unstable angina. However, other studies suggest that the risk held 

by CRP is independent of atherosclerosis. For instance, it has been shown that CRP adds to risk of 

Table 2. Direct role of C-reactive protein in atherogenesis.

Localisation

Localises in shoulder regions of (vulnerable) plaques

Depositions with inflammatory cells and lipid-rich areas

Co-localisation with complement in infarcted tissue

CRP ligand binding

Binds selectively to LDL, especially oxLDL

Aggregated and/or ligand-complexed CRP activates complement 

Phagocytic function

Enhances LDL uptake by macrophages

Vascular function

Decreases NO synthase expression in endothelial cells

Decreases prostacyclin release from human aortic cells

Relaxes human vessels     

Leukocyte adhesion

Induces expression of leukocyte adhesion molecules 

Induces secretion of MCP-1

Thrombosis

Increased rate of thrombosis in CRP-transgenic mice 

Tissue factor production by macrophages
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stroke and myocardial infarction beyond the risk held by atherosclerosis (intima-media thickness) 

measured at level of the carotid artery.59,63

Second, since a causal role of CRP is suggested in epidemiological research, it may be that CRP 

itself is involved in vascular injury. In this case, CRP may be viewed as a risk factor rather than a risk 

marker. Table 2 lists the proposed biological and pathophysiological properties of the CRP molecule. 

Considering these properties, a causal role of the molecule may be more apparent in acute situations 

(myocardial necrosis, plaque instability et cetera),77,78 rather than at the population level. At the 

population level, CRP predicts mortality over an extended period up to 20 years with a constant 

hazard.39 Therefore, this makes a direct role of CRP less unlikely in the population setting.

A third possibility by which CRP may be related to an increased risk of CV events is CRP as an 

epiphenomenon. Elevated CRP levels may either reflect inflammation elsewhere in the body or 

inflammation in association with other putative CV risk factors. Notably, the positive association 

of CRP with body mass index (BMI) is very strong, and may even be stronger in abdominal obesity.79 

In children, in whom atherosclerosis is absent, BMI is by far the strongest correlate of CRP.80 These 

associations may in part be due to the fact that adipocytes secrete

interleukin-6 and tumor necrosis factor-α in high quantities, the former being the main 

stimulator of hepatic CRP production. In conjunction to the association with abdominal obesity, CRP 

levels strongly correlate with features of the metabolic syndrome and insulin sensitivity.81 Weight 

loss and concomitant improvent of insulin resistance clearly lowers CRP.82,83 Thus, CRP may reflect 

an abnormal metabolic profile, which leads to an increased risk of atherothrombotic events. This is 

further strengthened by the fact that CRP predicts the incidence of type 2 diabetes.84 

1.3. CRP: mechanisms in renal outcome

What can be the mechanisms behind the association between low-grade inflammation and renal 

disease? Again, atherosclerosis may be a key element. Interestingly, it has been postulated that 

the renal analogue of the inflammatory process observed in atherosclerosis is glomerulosclerosis,75 

the final common pathway of kidney damage as found in proteinuria, hypertension, obesity and the 

age-related decline of renal function. Glomerulosclerotic lesions disclose epithelial- and endothelial-

cell injury and dysfunction with glomerular influx of inflammatory cells like monocytes (foam cells) 

and lymphocytes, and mesangial expansion as paralleled by smooth muscle cell proliferation in 

atherosclerosis.75,85 

Second, risk factors like obesity, hypertension and smoking may enhance a decline in kidney 

function through inflammation. Stengel et al showed independent effects of physical inactivity, 

obesity and smoking as risk factors for the incidence of ESRD.13 Unfortunately, these studies relating 

risk factors to the incidence of ESRD did not include measurements of inflammatory markers.
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Finally, tubulointerstitial inflammation and fibrosis are the most constant features of renal 

function decline in various animal models (diabetes, hypertension, ischemia, renal ablation and 

proteinuria). This inflammation is accompanied by influx of immune cells like macrophages 

and monocytes.86 The cell influx enhances proinflammatory cascades in the diseased kidney 

like superoxide formation, activation of the angiotensin system and others. Interestingly, the 

concept of renal inflammation in progressive kidney disease intertwines with the concept of 

hemodynamically induced renal injury. Only recently, it has been shown that dual intervention on 

renal hemodynamics (angiotensin-converting enzyme inhibitor) and inflammation (mycophenolate 

mofetil) maximised renoprotection in animals.87 Whether renal (tubulointerstitial) inflammation 

induces CRP production by the liver is not known.

1.4. CRP as a predictor of renal outcome – GFR

Some epidemiological studies have focussed on the relation between inflammatory markers and 

renal disease outcome.

General population

Regarding the similarities between atherosclerosis and glomerulosclerosis on the one hand and 

inflammation and CV events on the other hand, we and others recently found evidence of a link 

between CRP and a decreased glomerular filtration rate (GFR) in the general population.88,89 We 

found that CRP was related to a diminished GFR, but also with renal hyperfiltration, the latter 

being explained by increased body fat.88,89 Possibly, early inflammatory processes related to high 

body fat may predispose the kidney to hyperfiltration-related renal function decline. Shlipak et 

al similarly showed that CRP, interleukin-6 and fibrinogen were elevated in a dose-dependent 

fashion across levels of decreased kidney function in the population either in the presence 

or absence of manifest atherosclerosis.88,89 These associations were found independent of 

conventional renal risk factors. Thus, inflammation seems to be present in early renal disease in 

the general population. From these cross-sectional data however, no conclusions can be drawn 

whether inflammation was cause or consequence of the decreased renal function.

Chronic kidney disease

In predialytic patients with kidney disease comprising of a variety of aetiologies, CRP and 

interleukin-6 levels were inversely correlated with creatinine clearance as shown in two cross-

sectional studies.90,91 In another heterogeneous patient group with chronic kidney diseases 

(diabetic and non-diabetic), the investigators of the Modification of Diet in Renal Disease Study 

prospectively found a relation between transferrin, a negative acute-phase protein, and the 
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decline of renal function.92 In a later report however, they did not prospectively find a relationship 

between CRP and progression of kidney disease.93

Diabetes

Whether inflammatory parameters are associated with levels of GFR or deterioration of GFR over 

time in patients with type 1 or 2 diabetes is as yet unknown. 

1.5. CRP as a predictor of renal outcome – Albuminuria 

The general population

Other data supportive of a role of inflammation in renal disease come from studies regarding 

another marker of (incipient) renal disease, namely microalbuminuria.94 Festa et al showed a 

link between inflammatory markers and microalbuminuria in non-diabetic subjects from the 

general population.94 In non-diabetic subjects from a Dutch population, Jager et al prospectively 

showed that CRP was related to the incidence of microalbuminuria.95 Such a link was also 

provided in premenopausal obese women.96 Recently, we showed that CRP modified the relation 

between blood pressure and microalbuminuria.97 We hypothesised that inflammation increases 

the likelihood of increased glomerular leakage of albumin in response to blood pressure. This 

glomerular leakage may either involve increased transmission of systemic blood pressure or a 

decreased barrier function of the glomerulus.

Chronic kidney diseaese

Whether albuminuria in chronic kidney disease is related to CRP or other inflammatory markers 

is unknown. However, asymptomatic proteinuric patients have higher CRP levels as compared to 

healthy subjects.98

Diabetes

The participation of inflammation in the pathogenesis of early nephropathy was also hypothesised 

by Navarro et al, 99 who showed a dose-dependent rise in micro- and macroalbuminuria in type 

2 diabetic patients with increasing serum CRP and tumour necrosis factor-α levels. These 

correlations were remarkably high (r=0.68). Urinary TNF-α was correlated with albuminuria to 

the same extent, however, urinary TNF-α was unrelated to serum TNF levels. This observation 

suggests that local inflammatory activity in the kidney results in albuminuria, which is 

independent of systemic inflammation.99 Further, the incidence of microalbuminuria is increased 

in type 2 diabetic subjects with elevated levels of CRP.100 The development of albuminuria in the 

latter patient group was determined by the gradual and concomitant rise with CRP over time. 
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Altogether, these data provide evidence of involvement of inflammation in the pathogenesis of 

early nephropathy in type 2 diabetes. 

Elevated levels of inflammatory markers in type 1 diabetes yield an increased risk for urinary 

albumin losses in the range of micro- to macroalbuminuria in cross-sectional studies,101,102 but 

this has not yet been studied in prospective studies.

Conclusion. In line with the abundant evidence of CRP as a marker of CV outcome, recent evidence 

suggests that this molecule may also serve as an early predictor of renal function decline and 

early nephropathy.

2. Markers of endothelial function

2.1 Microalbuminuria

2.1.1. Albuminuria and CV outcome

Aside from the fact that albuminuria is a renal outcome parameter as described in previous 

paragraphs, microalbuminuria itself is also regarded as a marker of CV risk. An important concept is 

that generalised endothelial damage along the vascular tree is being disclosed by traces of urinary 

albumin loss. In line with the homogeneity between renal and CV risk factors, we have recently shown 

that elevated levels of urinary albumin excretion independently predicted all-cause and CV mortality 

in the general population.31 This was confirmed in a Norwegian population based study.32 For each 

doubling of albuminuria, subjects faced a 29% increased relative risk of CV death. Interestingly, the 

risk held by albuminuria was independent of conventional risk factors and comparable across strata 

of well-known risk factors. Romundstad et al found that the relationship between albuminuria 

and the risk of all-cause mortality was generally stronger in men than in women, especially in 

hypertensive subjects.32 These results extended earlier results found in elderly and hypertensive 

populations33,103 as well as in diabetes.104 Thus, it may well be that albuminuria can be used as an 

additive tool in absolute CV risk assessment in the general population, like CRP.

2.1.2. Albuminuria: meachnisms of CV outcome

The pathophysiological role and mechanisms of albuminuria in diabetic and hypertensive renal 

disease,105,106 but also in the general population107 have been reviewed elsewhere. Thus, here 

we only discuss the role of albuminuria as a parameter in CV outcome. The relation between 

albuminuria and CV outcome could be explained by systemic effects of a mildly injured kidney in 

blood pressure and salt regulation, in which glomerular autoregulation is impaired. Alternatively, 
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albuminuria could represent a more generalised endothelial dysfunction, thus allowing a vascular 

origin for CV risk. Finally, albuminuria could be a sign of the metabolic syndrome, this by itself causing 

increased CV risk.

Microalbuminuria may be viewed as a pressure-related phenomenon. It could appear when 

glomerular autoregulation is impaired. This may be the reason why systemic blood pressure is most 

strongly associated with albuminuria in the population and in diabetes.97,106 Both increased and 

decreased effective circulating volume, the latter due to efferent vasoconstriction resulting in an 

elevated filtration fraction, are associated with albuminuria.108 Increased salt intake is also a well-

known determinant of an increase in urinary albumin. Conceptually, every (risk) factor that alters 

glomerular autoregulation may enhance the development of albuminuria. It is however unknown 

whether proxy markers of volume/salt status can explain the risk of death which is attributed to 

(micro)albuminuria.

Microalbuminuria can also be regarded as a marker of underlying generalised endothelial or 

vascular dysfunction. The fact that the risk of death held by albuminuria is more related to death from 

CV causes than from non-CV causes strengthens the concept of a generalised vascular involvement.108 

On the other hand, while some authors found an increased transcapillary escape rate of albumin in 

microalbuminuric subjects,109 others failed to show such a relation.110 Furthermore, the correlation 

of albuminuria with the extent of atherosclerosis seems limited at the population level.111-113 Recent 

evidence also indicate that other markers of endothelial dysfunction, such as von Willebrand factor 

and leukocyte adhesion molecules cannot explain the risk of death held by albuminuria.95  

Lastly, albuminuria could also be a compound factor associated with the metabolic syndrome. 

This is certainly possible, since albuminuria is related to hyperinsulinemia and insulin resistance,114 

and it also predicts the onset of type 2 diabetes in the population.115 Further, microalbuminuria is 

associated with almost all components of the metabolic syndrome,116 especially blood pressure.106 

Kuusisto et al, for instance, showed that the simultaneous occurrence of hyperinsulinemia and 

albuminuria identified a patient group with an inexorably high risk of CV death.18 On the other hand, 

parameters of the metabolic syndrome such as blood pressure, obesity and hyperlipidemia, usually 

cannot explain the excess CV risk held by albuminuria itself. Smoking, an other important risk factor 

for the development of albuminuria,117 cannot explain the excess risk in albuminuric subjects either. 

2.1.3. Albuminuria as a predictor of renal outcome – GFR

The general population

Considering its widespread clinical use in diabetes care, microalbuminuria is undoubtedly one of the 

most promising parameters to be used in the general population to identify subjects at increased 

renal risk.118 Whether the presence of albuminuria in the general population will lead to renal function 
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decline in time is being studied at present in a large cohort in the Netherlands. We have described 

the pattern of renal function abnormalities in non-diabetic subjects from the population in a cross-

sectional study. Low levels of albuminuria were associated with an elevated creatinine clearance, 

suggestive of renal hyperfiltration, whereas gross albuminuria was associated with a decreased 

creatinine clearance relative to subjects with normal albuminuria,118 a pattern which is similarly 

observed in diabetes. A preliminary analysis of longitudinal data supports a role of albuminuria in 

renal function decline in the population (Verhave et al, Kidney Int., in press).

Diabetes

There is no need to built a case for albuminuria as a predictor for renal risk in chronic kidney 

disease and type 1 and 2 diabetes: authoritative reviews have clearly outlined the impact of 

albuminuria in (non)-diabetic nephropathy.105 

2.1.4. Baseline albuminuria as a predictor of albuminuria progression

The general population

We recently found that subjects with albuminuria levels 15-30 mg/24 hours had the highest risk 

for the incidence of microalbuminuria in the non-diabetic general population (abstract; Stuveling, 

J Am Soc Nephrol 2003;14:679-80A). The risk of high-normal albuminuria was 20-fold relative to 

normoalbuminuria. Other population based studies in non-diabetic subjects did not implement 

the predictive value of baseline albuminuria as a determinant of incident microalbuminuria.95 In the 

HOPE study, comprising of subjects with pre-existent cardiovascular disease, a high incidence of 

macroalbuminuria (albuminuira >300 mg/24 hr) was found. Baseline microalbuminuria appeared 

to be the most important determinant of subsequent progression to this stage of nephropathy 

by far (estimated odds ratio 17.5).119 

Diabetes

Aside from blood pressure, smoking and glycemic control, albuminuria at baseline is one of the 

most important predictors of progression of albuminuria in type 1 and 2 diabetes mellitus as 

shown in several studies.120,121 

 

Conclusion. Albuminuria at a low level bears much information as a cardiovascular risk determinant 

in order to identify subjects at increased CV risk. Aside from the impact of common risk factors in 

the progression of early nephropathy, the presence of a relatively high level of albuminuria is an 

important determinant of renal disease progression and albuminuria itself. Preliminary evidence 

suggests such a role in relatively healthy subjects also. 
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2.2. Von Willebrandfactor

2.2.1. vWF and CV outcome 

A recent nested case-control study, including a meta-analysis, showed that increased von 

Willebrand factor (vWF) serum levels predicted incident coronary heart disease in the general 

population, of which the risk was twofold.122 vWF is also associated with an increased risk of 

CV mortality among diabetic and non-diabetic subjects, in whome high levels increase the risk 

threefold.68 

2.2.2. vWF:  meachnisms of CV outcome

Although vWF has prothrombotic properties, it is indicated as a marker of endothelial function. 

vWF is released upon endothelial cell activation. Thus, in case of endothelial cell damage with 

degranulation of Weibel-Palade bodies, it is hypothesized that a concomitant rise of vWF will 

occur in blood. Its values in blood are however raised in many clinical conditions which are not 

necessarily due to endothelial cell damage.123 VWF may therefore lack specificity as a marker.

What mechanisms may be the link between increased vWF and CV outcome? First, increased 

levels of vWF may be indicative of a procoagulant state, eventually leading to CV events. Second, 

increases in vWF are often accompanied by increases in acute-phase proteins. In vitro, mediators 

of inflammation like complement and cytokines (IL-6, TNF-α) are potent stimulators of vWF 

release by endothelial cells.123 Not surprisingly therefore, its correlation with CRP is relatively 

high compared to other risk factors.122 Interestingly, despite this overlap of vWF and CRP, one 

study suggests independent effects of both markers in the prediction of mortality in type 2 

diabetes.100 This suggests that endothelial dysfunction and inflammation represent two different 

pathophysiological mechanisms leading to the same disease.

2.2.3. vWF: mechanisms and predictive value in renal outcome – GFR 

General population

Whether elevated vWF levels in the population predict the decline of renal function in the 

population is unknown. A small cross-sectional study found that vWF is inversely related to 

creatinine clearance,124 this relation however being explained by elevated homocysteine levels.

Diabetes

In microalbuminuric type 2 diabetes, subjects with elevated vWF levels had typical signs of 

diabetic nephropathy and retinopathy, whereas these features were absent in subjects with 

normal vWF levels.125 This observation was confirmed in the EURODIAB type 1 diabetes study, 

which showed that vWF was associated with albuminuria only in the presence of retinopathy.126 
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This led to the suggestion that microalbuminuria is only indicative of diabetic kidney damage 

in presence of endothelial dysfunction. This concept of heterogeneity is however challenged by 

others, who showed that this interaction was absent with respect to CV mortality.127

2.2.4.  vWF: mechanisms and predictive value in renal outcome – Albuminuria 

 General population

In non-diabetic subjects of the general population, Jager et al were unable to show an increased 

incidence of microalbuminuria across levels of vWF.95 However, in a representative sample of 

healthy subjects, Clausen et al prospectively found that elevated baseline vWF levels predicted 

progression of albuminuria over 4 years.128

Diabetes

In type 2 diabetes, a cross-sectional study showed a progressive rise in serum concentration 

of vWF with increasing urinary albumin excretion, independent of risk factors and prevalent 

atherosclerosis.129 More supportive data revealed that elevated vWF levels were shown to be 

related to the incidence and progression of (micro)albuminuria in type 2 diabetic subjects.100 These 

data underscore the concept that endothelial dysfunction precedes the onset of microvascular 

disease and nephropathy. This has been suggested by Stehouwer et al who found that increased 

vWF levels preceded the onset of microalbuminuria in type 1 diabetic subjects.130 The development 

of hypertension may be an important mediator of this process in type 1 diabetes.

Conclusion. Although the evidence is limited, there may be a role for vWF, as a marker of endothelial 

integrity, in the prediction of the development of CV and early renal disease.

3. Other markers

3.1 Markers of cellular leukocyte adhension

Increased levels of circulating soluble intercellular adhesion molecules-1 and vascular cell 

adhesion molecules-1 (sICAM-1, sVCAM-1) are related to an adverse CV outcome in high-risk 

patient groups131,132 and in relatively healthy subjects.133-137 To some extent, this also applies 

for different selectins, another group of adhesion molecules.135,136 Some studies however were 

unable to show such a relation.138,139

Endothelial cells already express cellular adhesion molecules at a relatively early phase of 

the atherosclerotic process. During atherogenesis, they enhance recruitment of inflammatory 
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cells to sites of atheroma development.75 In renal disease, a similar role has been observed. In 

various animal models of kidney disease, the upregulation of cellular adhesion molecules plays 

a pivotal role in the recruitment of macrophages to the kidney, thereby inducing or amplifying 

the inflammatory process. ICAM-1 deficient diabetic mice are resistant to the development of 

diabetic nephropathy.140

At the epidemiological level, it is unknown whether elevated levels of sICAM-1 or sVCAM-1 

predict the decline of GFR. A cross-sectional study in type 1 diabetic subjects showed that micro- 

and macroalbuminuric subjects had higher serum levels of sVCAM-1 and sICAM-1 as compared 

to normoalbuminuric subjects.141 The Hoorn study showed that elevated sVCAM-1 levels 

preceded the onset of microalbuminuria in non-diabetic subjects recruited from the population.95 

Stehouwer et al showed that elevated levels of these markers are related to the incidence of 

(micro)albuminuria in type 2 diabetic subjects.100

3.2 Markers of coagulation and fibrinolysis 

Elevated systemic levels of plasminogen activator inhibitor-1 (PAI-1), an inhibitor of fibrinolysis, 

predict an adverse CV outcome in high-risk patients.142 Another fibrinolytic protein, namely 

tissue-type plasminogen activator (t-PA), also predict CV events.100,143,144 Thus, dysfunction 

of the coagulation/fibrinolysis system appears of major importance in the development of CV 

disease. The most frequently described CV marker of impaired fibrinolysis is PAI-1, which is 

produced by the vascular endothelium, but other tissues are also involved. Especially fat cells 

are able to produce large amounts of PAI-1: adipose PAI-1 levels highly correlate with plasma 

PAI-1 levels.145 It is therefore not surprising that PAI-1 is implicated as a core factor in insulin 

resistance.146 Dysregulation of fibrinolysis in insulin resistance may be a key mediator leading 

to CV events. Similarly, PAI-1 has been implicated in several renal pathologies, which include 

amongst others protein-overload proteinuria, hypertensive and diabetic nephropathy, ageing 

and glomerulosclerosis.147 However, it is unclear whether elevated levels of PAI-1 antigen are 

able to predict adverse renal outcome at the population level. In the earlier mentioned study of 

Shlipak et al, it was shown that a battery of procoagulant factors (factor VIIc, factor VIIIc, plasmin-

antiplasmin complex and D-dimer), among which PAI-1 was not measured, were strongly related 

to levels of decreased kidney function.89 Hovind et al however did not find an association between 

elevated PAI-1 levels and decline of GFR over time in type 1 diabetic patients.148 An independent 

association between PAI-1 and microalbuminuria in young adults has been reported.149 Elevated 

levels of t-PA are related to the incidence and progression of (micro)albuminuria in type 2 diabetic 

subjects.100
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Conclusion. Many other markers of atherosclerotic vascular disease appear to be predictors of 

CV disease in healthy subjects. The evidence appears quite consistent with few negative reports 

(Table 1). Their predictive value for the development of nephropathy in the population and in 

diabetes remains to be established.

4.Biochemical risk markers: do we need them all?

The evidence that various risk markers relate to renal disease, CV disease and mortality is 

compelling. Meanwhile, the search for better and stronger risk markers continues. The list of 

risk markers mentioned in Table 1 can easily be extended and will probably be extended in the 

near future. The currently already important question is which of these risk markers in this 

comprehensive list should we use to identify subjects at increased risk? Do we need them all? Do 

we need combinations of markers, each marking a different aspect of disease?

As mentioned earlier, the cornerstones of CV risk prediction remain in the classical risk profile. 

Importantly, the discussion concerning which risk markers should be used as an additive tool in 

risk prediction is not closed, neither for CRP, nor for albuminuria or other markers. Let’s take CRP 

as an example. The majority of population-based studies relating elevated CRP levels to outcome 

show an additive contribution of this marker beyond the risk held by classical risk factors (see 

references in Table 1). In addition, CRP has been shown additive to prothrombin fragment 1+2,41 

interleukin-6,44,57 atherogenic infections,46 macrophage inhibitory cytokine-1,55 coronary calcium 

scores,59 and intima-media thickness,150 in population-based studies, and microalbuminuria in 

type 2 diabetic subjects.100 Some investigators even state that CRP shows superior predictive 

performance relative to other markers.38

On the other hand, the Hoorn study68, the Caerphilly Prospective Heart Disease study,65 

the Glostrup study,67 the Quebec Cardiovascular study,52 the Atherosclerosis Risk in Communi-

ty (ARIC) study,58 the Rotterdam study,71 and the Health ABC study72 did not find a significant 

relation between CRP and CV outcome beyond the classical repertoire of risk factors. Others show 

that CRP is not superior to markers like von Willebrand factor,68 fibrinogen,65 interleukin-6,70,72 

lipoprotein-associated phospholipase A
2
,66 tissue-type plasminogen activator151 or leptin.54 Thus, 

CRP most probably adds to the absolute risk held by classical risk factors in the population, while 

its contribution relative to other risk markers is less clear.

Reasons for these inconsistencies are numereous and may relate to differences in study 

design, study population (men vs women, elderly, diabetes et cetera), population size, number of 

events, (laboratory) assessment of risk factors, and other factors. Bias is always a main concern, 
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but it is difficult to extract its source. An important point to consider here is the fact that some 

of these risk factors show considerable variability. In the majority of studies, novel markers 

have only been measured once, which yields a considerable underestimation of estimated 

risks. Further, comparing a less reproducible parameter with a highly reproducible marker yields 

spurious results. The predictive performance will certainly improve if risk markers are measured 

more than once over time.64 None of these risk markers by themselves provide optimal sensitivi-

ty and specificity to identify subjects at risk. Of course, the latter arguments also hold true for 

blood pressure and cholesterol. Therefore, to better appreciate the (independent) role of novel risk 

markers relative to each other and to classical risk factors, their assessment has to be improved.

Importantly, we have to distinguish between the use of these markers in primary prevention 

and risk stratification in hopital. More simplified, whether a person has hypercholesterolemia 

does not matter in the coronary care unit and determination of cardiac tropinines will provide 

more useful information in this situation. In primary prevention, the determination of cholesterol 

levels will be more informative. Thus, each risk marker may have its specific value in risk prediction 

in different patient groups depending on its content and nature.

As far as the kidney is concerned, this field of research is in it developing stages and a similar 

process will be pursued as in CV disease prediction in general. Similar problems are at hand in 

research concerning renal disease progression. In diabetic renal disease, microalbuminuria is the 

only novel risk marker which appears to be of additional value in renal risk prediction, in prevention 

of renal disease progression, and even in cost-effectiveness of treatment.  

In the earlier mentioned PREVEND study, we showed that both CRP and albuminuria add to 

the risk of CV and non-CV mortality in the general population. The estimated risks of death were 

comparable. Interestingly, the predictive performance of both markers was much better than 

classical risk factors like blood pressure and serum cholesterol, whereas smoking appeared to be 

of equal importance (abstract; Stuveling, J Am Soc Nephrol 2003;14:679-80A).

In conclusion, there is no consensus to which extent a combination of risk factors and markers 

will best predict the risk of CV and renal disease progression. Moreover, current risk scores may 

have to be reevaluated in future.   

5. Drug effects on novel risk markers

In earlier paragraphs, we described the relative contribution of various risk markers to CV and renal 

outcome. Aside from their proposed role in CV risk prediction, they may be extremely useful when 

some intervention modifies this parameter and subsequently shows benefit on CV risk due to that 
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modification. Taking classical risk factors as an example first hypertension and hyperlipidemia 

have been shown important independent risk factors. It has been shown that blood pressure and 

cholesterol lowering interventions can modify these risk factors, and that the magnitude of effect 

on blood pressure and cholesterol by these drugs correlates with the extent of risk reduction. In 

primary and secondary kidney diseases, proteinuria is the best example in this context. Proteinuria 

is an independent risk factor for renal function decline over time, specific drugs are able to lower 

proteinuria beyond alterations in for example blood pressure, and the magnitude of proteinuria 

lowering correlates with the risk reduction in renal outcome.152 Lately, there has been growing 

interest in the possibility that some of the clinical benefits of certain blood pressure lowering agents 

and especially statins are due to so-called pleiotropic effects. It means that they have effects that 

are not directly related to their blood pressure and lipid lowering effects. For example, interventions 

in the renin-angiotensin and cholesterol synthesis system are well known because of their anti-

inflammatory effects.153,154

Table 3 lists the effects of drug interventions, which have been shown effective in CV and renal 

risk reduction, on various novel risk markers in humans. What can we learn from this table? The 

table shows that various possibilities are available to intervene on a specific marker.

C-reactive protein. Favourable effects of angiotensin blocking agents have been shown with respect 

to a decrease in CRP and other proinflammatory cytokines. These effects are believed to be mainly 

mediated through blockade of angiotensin-I, a protein with profound proinflammatory properties. 

Statins and fibrates, of which the latter are known for their anti-inflammatory actions by agonism of 

the peroxisome proliferator-activated receptor-α (PPAR-α),155 seem strong modulators of CRP. With 

respect to statins, the reduction of CRP levels has even been shown independent of the reduction of 

lipid levels.156 This lipid-independent, anti-inflammatory effect is believed to be mediated through 

blockade of the mevalonate pathway, which eventually leads to modulation of nuclear transcription 

factors importantly involved in cytokine regulation and cell growth, like nuclear factor-κβ and 

others.

Albuminuria. Any blood pressure lowering agent potentially reduces albuminuria through systemic 

blood pressure lowering. Indeed, the most important correlate of albuminuria is blood pressure, 

especially in diabetes.97 Additional renoprotection of blood pressure lowering agents are believed 

to be exerted by angiotensin blocking agents, due to their beneficial effects on glomerular 

hemodynamics. It has been shown that angiotensin blocking agents reduce albuminuria and even 

renal risk beyond their blood pressure lowering effects. Statins show (in)direct effects on proximate 

markers or even clinical measures of endothelial function and therefore, hypothetically, on 

albuminuria. However, the available evidence concerning beneficial effects of statins and fibrates 

on albuminuria (and GFR) remains inconclusive. Especially, studies performed to date are small 
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Table 3. Effects of pharmacological intervention on risk markers for CV disease.

ARBs ACEi β-blockers CCBs Statins Fibrates PPAR-γ-a

CV and renal outcome

     Cardiovascular + + ++ ++ ++ ++ ?

     Renal (GFR) ++ ++ + + = = ?

C-reactive protein

     Randomised studies (placebo), n 6 (5) 5 0 2 See text 7 (2) 2 (2)

     Ratio pos/neg study 1 / 5 0 / 5 0 / 2 3 / 4 2 / 0

     Cohort studies, n 1 0 1 0 1 1

     Treatment effect = == = = ++ + ++

     Association of effect on BP/lipid?b) No No NA NA No No Yes e)

     References 265-271 151,272-275 276 268,274 277 278-286 287-289

Albuminuria

     Randomised studies (placebo), n See text See text See text See text 10 (6) 2 (1) 1 (0)

     Ratio pos/neg study 4 / 6 1 / 1 1 / 0

     Cohort studies, n 1 0 0

     Treatment effect ++ ++ ++ ++ + + / = +

     Association of effect on BP/lipid? ++ ++ ++ ++ NA Possibly Possiblyf)

     References 290-300 301,302 303

Von Willebrand factor

     Randomised studies (placebo), n 3 (2) 3 (1) 2 (0) 0 8 (5) 0 1 (1)

     Ratio pos/neg study 0 / 3 0 / 3 0 / 2 4 / 4 1 / 0

     Cohort studies, n 0 0 1 0 1 0 0

     Treatment effect == = = ? ++ ? +

     Association of effect on BP/lipid? NA NA NA NA Possiblye)

     References 266,304,305 306-308 306,309,310 311-319 289

Leukocyte adhesion molecules c)

     Randomised studies (placebo), n 7 (4) 2 (2) 1 (1) 1 (1) 10 (7) 0 0

     Ratio pos/neg study 6 / 1 2 / 0 0 / 1 0 / 1 5 / 5

     Cohort studies, n 2 2 0 0 3 0 0

     Treatment effect ++ +d) = = + ? ?

     Association of effect on BP/lipid? NA NA NA NA NA

     References 266-269,320-325 272,307,
308,326

327 268 309,313,314,
328-337

Plasminogen activator inhibitor-1

     Randomised studies (placebo), n 11 (3) 16 (8) 5 (1) 4 (3) See text 6 (1) 1 (0)

     Ratio pos/neg study 5 / 6 11 / 5 2 / 3 0 / 4 0 / 6 1 / 0

     Cohort studies, n 1 3 1 0 2 1

     Treatment effect + ++ + == + / = = +

     Association of effect on BP/lipid? NA NA NA NA NA NA Possibly e)

     References 269,304,305,309,3

24,325,338-343

274,305,307,325,33

9,340,342-354

341,355-359 274,349,360,

361

277 285,362-368 288

ARBs = angiotension-II-type 1 receptor blockers, ACEi = angiotension converting enzyme inhibitors, CCBs = calcium 

channel blockers, PPAR-γ-a = peroxisome proliferators-activated receptor agonists. 
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in patient numbers. The largest randomised placebo-controlled clinical trial, investigating the 

effects of a statin and/or an ACE-inhibitor (PREVEND-IT) on albuminuria and other endpoints (864 

patients) in a low-risk population, did not show any effect of pravastatin on albuminuria during 4 

years of follow-up (Asselbergs et al, Circulation 108:2723, 2003).  

Von Willebrand factor. Placebo-controlled trials involving statins show a lowering of vWF in blood 

when compared to placebo. Mechanisms may involve improvement of endothelial function or an 

anti-inflammatory effect. 

Leukocyte adhesion molecules. Angiotension-II-type 1 receptor blockers are able to reduce the 

blood levels of sICAM and sVCAM. Again, mechanisms may involve improvement of endothelial 

function or an anti-inflammatory effect of this drug. Whether angiotensin-converting enzyme 

inhibitors and statins are able to reduce leukocyte adhesion molecules is uncertain.

Plasminogen activator inhibitor-1. Especially angiotensin-converting enzyme inhibitors are able 

to reduce levels of PAI-1. Besides its critical role in blood pressure and salt homeostasis, the 

renin-angiotensin system is also involved in fibrinolytic balance, vascular endothelial function, 

and vascular inflammation as explained earlier. The exact mechanisms however are unknown.

To date, there are no intervention studies available, which show that the risk reduction in 

CV and renal morbidity is attributed to the reduction of a novel serum marker with the exception 

of one indirect observation. Ridker et al showed that lovastatin therapy was even effective in 

subjects having a high CRP level, but a low level of cholesterol/HDL ratio.157 In this respect, the 

JUPITER trial will be an important and interesting intervention study to show whether the CV 

benefits of a statin can be attributed to lowering of CRP, independent of its effect on cholesterol. 

a) ++: Evidence suggests that intervention improves the marker. At least 50% of all randomised, placebo-controlled 

trials report a statistically significant beneficial effect. +: Limited evidence suggests that the drug may improve 

the marker. At least, one randomized, placebo-controlled trial reports a statistically significant effect. =: Drug may 

have no beneficial effect. No randomised, controlled trial reports a statistically significant effect, but uncontrolled 

cohort studies may suggest an effect. ==: No beneficial effect in all randomised trials and no effect in more than 

halve of all uncontrolled studies.

b) Association of effect on BP/lipid. This indicates whether the improvement of the marker was associated with 

improvement of blood pressure or lipid levels, depending on the drug type used.

c) Leukocyte adhesion molecules: (soluble) intercellular adhesion molecule-1, (soluble) vascular cellular adhesion 

molecule-1, selectins and monocyte chemoattractant molecule-1.

d) Both studies showed significant treatment effects, though not for all leukocyte adhesion markers consistently.

e) The change in CRP, vWF or PAI-1 during intervention with PPAR-γ agonists directly correlated with the change in 

insulin resistance and other markers in all randomised studies.

f) In this trial, the change of albuminuria during rosiglitazone treatment was highly correlated with the change in 

blood pressure (r=0.88).



128128

When this criterion is met, CRP could serve an additive marker in global risk assessment.

PPAR-γ agonists, which have not yet been shown to reduce ‘hard’ CV and renal endpoints, 

are a promising therapeutic option. PPAR-γ agonists are known as insulin sensitising agents and 

these drugs are used primarily in the treatment of type 2 diabetes. These drugs not only improve 

insulin sensitivity and glycemic control, but also have potentially favourable effects on other 

components of the metabolic syndrome. Several randomised trials show a reduction in classical 

risk factors (blood pressure, lipids, insulin resistance) and novel risk markers (Table 3). These 

effects seem profound. Interestingly, in all randomised trials performed to date, the reduction 

of a specific marker during intervention with a PPAR-γ agonist correlated with the improvement 

in insulin sensitivity. This fact underscores the role of these markers in the metabolic syndrome. 

The ADOPT trial will determine whether monotherapy with rosiglitazone is effective on glycemic 

control, improvement of other metabolic parameters (including CRP, PAI-1) and progression of 

diabetic nephropathy.158 

Non-pharmacological intervention is an alternative to drug intervention. For example, 

weight loss lowers CRP and albuminuria levels in obese subjects.82,159 Quitting smoking reduces 

albuminuria,117 but for CRP this is unknown. Life-style changes also have profound effects on 

insulin sensitivity, the fibrinolysis system and others. It is certainly possible that the improvement 

of surrogate markers may in part explain the benefits of lifestyle alterations with respect to CV 

risk.

6. Conclusions

Markers of progressive CV disease are close to come of value in clinical practice as an additive tool 

to the classical risk factors. These markers have been proposed from the viewpoint of plausible 

pathophysiological concepts in vascular disease. Although these concepts have mainly been 

investigated in cardiovascular disease, there is cumulating data and evidence for an important 

role in renal disease progression as well. Indeed, in view of the overlap between cardiovascular 

and renal risk factors, it is tempting to speculate that these novel risk markers will be able to 

predict accelerated decline of renal function in the population. In fact, some of these factors such 

as high-sensitive CRP and albuminuria are close to become valuable renal risk markers both for 

detecting the risk for disease progression as well as for the protective response to therapy. 
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Summary

Cardiovascular diseases continue to be one of the leading causes of death in general population, 

despite preventive measures in health care. Among subjects with renal impairment, cardiovas-

cular mortality is up to 30 times higher than in the general population. The detection of subjects 

who are at risk for cardiovascular disease or deterioration of renal function is warranted. A number 

of classical risk factors are usually advocated to be of value in cardiovascular and renal medicine 

namely blood pressure, cholesterol, smoking and blood glucose levels. The thesis concerns the role 

of C-reactive protein and albuminuria, two novel risk markers, in the prediction of cardiovascular 

and renal disease progression. It has been proposed that both markers reflect putative mechanisms 

of atherosclerotic disease (progression), namely inflammation and endothelial dysfunction. We 

show that C-reactive protein and albuminuria are two independent and highly predictive risk 

markers for renal and cardiovascular morbidity and mortality: independently of each other and 

of classical risk factors. Future studies should be directed towards primary prevention in subjects 

who are characterised by both elevated C-reactive protein and albuminuria levels.

In chapter 2, the association between classical risk factors and C-reactive protein is described 

in men and women, as well as the influence of hormonal factors on C-reactive protein levels in 

women. It is well known that the incidence of cardiovascular disease and mortality in men is higher 

than in women, which is partly attributed to the fact that men have a higher prevalence of risk 

factors. Remarkably, the PREVEND study shows that C-reactive protein levels are higher in women 

than in men. Smoking and higher age were shown to be related to elevated C-reactive protein 

levels in men, whereas in women oral contraceptive use and (abdominal) obesity contributed most 

strongly to an elevated C-reactive protein level. Diabetes was associated with elevated C-reactive 

protein levels equally in men and women. We hypothesise that different pathways are involved 

by which risk factors lead to inflammation in men and women, and possibly end-organ damage. 

Secondly, we investigated the influence of albuminuria on the associations between risk factors 

and C-reactive protein. Albuminuria itself was related to C-reactive protein, but did not alter the 

associations between risk factors and C-reactive protein. From a mechanistic point of view, we 

hypothesised that the association between cardiovascular risk factors and C-reactive protein does 

not include a pathway in which albuminuria, as a marker of vascular dysfunction, is involved. 

In subjects with diabetes and hypertension, blood pressure is most strongly associated 

with the presence of albuminuria. Other risk factors, which cluster within the insulin resistance 

syndrome (hypertension, abdominal obesity, hyperglycemia, hyperlipidemia) are also more or 

less associated with albuminuria. It appears from literature that the association between C-
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reactive protein and albuminuria is weak. This may appear contra-intuitive, since both markers 

are considered established markers of vascular dysfunction. In chapter 3, we hypothesised 

that C-reactive protein modifies the relation between blood pressure and albuminuria. Indeed, 

especially in subjects with an elevated blood pressure, C-reactive protein was strongly associated 

with increased albuminuria (interaction or effect-modification), i.e. stronger than was expected 

by the additive contribution of both blood pressure and C-reactive protein alone. From a patho-

physiological point of view, this is an interesting finding. Inflammation apparently increases 

the likelihood of increased glomerular leakage of albumin in response to blood pressure. This 

glomerular leakage may either involve increased transmission of systemic blood pressure or a 

decreased barrier function of the glomerular filter.

In chapter 4, we investigated the association between elevated C-reactive protein levels and 

renal function abnormalities: a decreased renal function as well as an increased renal function 

(hyperfiltration). This hyperfiltration is viewed as a renal compensatory mechanism by which 

remaining nephrons try to maintain normal renal filtration after one or more renal insults. Subjects 

with elevated C-reactive protein levels had an increased probability to have a decreased renal 

function, independent of classical renal risk markers, including albuminuria. Increased C-reactive 

protein levels were also related to renal hyperfiltration, however, most of this association was 

attributed to the presence of obesity. We hypothesised that early inflammatory processes related 

to high body fat may predispose the kidney to glomerular hyperfiltration-related function loss. 

Secondly, this study shows that the relationship between C-reactive protein and renal function 

abnormalities is independent of albuminuria. Probably, both risk markers are differently involved 

in the progression of renal disease. Because C-reactive protein, albuminuria and kidney function 

levels were measured at the same time we cannot conclude to a cause and effect relationship. It 

would be interesting to investigate whether subjects with elevated C-reactive protein levels at 

baseline have an enhanced decrease of renal function loss over time.

In chapter 5, we investigated the relationship between C-reactive protein and/or albuminuria 

with various expressions of vascular end-organ damage: coronary heart disease, renal insufficiency, 

and peripheral artery disease. It appears that C-reactive protein is associated with all three 

expressions of vascular disease. This is independent from albuminuria and classical risk factors. 

Albuminuria is also related to coronary artery disease, renal insufficiency, and peripheral artery 

disease. However, albuminuria is only independently associated with coronary artery disease, 

whereas age is a major confounder in the relationship between albuminuria on the one hand and 

renal insufficiency and peripheral artery disease on the other hand. We conclude that C-reactive 

protein and albuminuria contribute differently to different expressions of vascular end-organ 

damage. Prospective studies are needed to further evaluate these findings.
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The strong and independent prognostic value of C-reactive protein and albuminuria to 

cardiovascular and non-cardiovascular mortality in the general population is described in chapter 6. 

Interestingly, it appears that both risk markers convey a better predictive performance than some 

established risk factors like blood pressure, hyperlipidemia, and diabetes. It also appears that some 

other novel risk factors strongly predict cardiovascular mortality in the general population, like 

decreased renal function and increased waist circumference (a measure of abdominal obesity). 

C-reactive protein and albuminuria are not only related to cardiovascular mortality, but also to 

non-cardiovascular mortality. C-reactive protein trended to be more strongly related to non-

cardiovascular than to cardiovascular mortality, whereas albuminuria appears more strongly 

related to cardiovascular mortality. C-reactive protein apparently reflects low-grade inflammation 

in general rather than in the vessel wall alone. 

Measurement of C-reactive protein and albuminuria levels will especially be useful if a decrease 

of the raised levels translates into a reduction in cardiovascular risk. Much can be learned from 

research in subjects with diabetes, who have increased levels of albuminuria. It has been shown 

that in subjects with diabetes and increased albuminuria, pharmacological intervention which 

results in a decrease of urinary albumin excretion, delays the onset of cardiovascular morbidity 

and mortality and, especially, renal failure. In the United States, subjects with elevated C-reactive 

protein, but normal cholesterol levels, are currently being treated with a lipid-lowering drug 

within the scope of the JUPITER study. This study will give an answer to the question whether it 

is worthwhile to treat subjects with elevated C-reactive protein levels in order to delay the onset 

of cardiovascular disease. In chapter 7, the role and evidence of various novel risk markers in 

cardiovascular and renal disease progression is described: C-reactive protein, albuminuria, von 

Willebrand factor, leukocyte adhesion molecules, and plasminogen activator inhibitor-1, as well 

as other factors. This overview also describes intervention modalities which modify the levels 

and presence of these novel risk markers in order to prevent renal and cardiovascular disease.

In conclusion, C-reactive protein and albuminuria are independent prognostic risk markers of 

renal and cardiovascular disease. Future studies should be aimed at reducing the level of these 

risk markers by pharmacological intervention, and test whether this will translate into a reduction 

of renal and cardiovascular risk.
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Samenvatting

Ondanks preventieve maatregelen in de eerste- en tweedelijns gezondheidszorg blijven hart- 

en vaatziekten de hoofdoorzaak van sterfte onder de algemene bevolking. Onder mensen met 

een nierziekte is het risico op sterfte zelfs tot 30-maal hoger dan onder de algemene bevolking. 

Het vóórkomen van eindstadium nierfalen in de algemene bevolking is laag, maar neemt sinds 

jaren gestaag toe, vooral door een toename van het aantal mensen met type 2 diabetes en door 

de vergrijzing. Het aantal mensen in de algemene bevolking met een milde nierfunctiestoornis 

waarschijnlijk veel hoger, en wordt in de Verenigde Staten bijvoorbeeld geschat op 10%. Het 

identificeren of screenen van mensen met een verhoogd risico op hart- en vaatziekten evenals 

nierziekten, en onderzoek daarnaar, lijkt daarom zinvol.

Er blijkt een grote overlap te bestaan tussen klassieke risicofactoren voor hart- en vaatziekten 

en de factoren die bijdragen aan het achteruitgaan van de nierfunctie: hoge bloeddruk, een hoog 

cholesterolgehalte, suikerziekte, roken, het mannelijk geslacht en leeftijd. Het identificeren van 

mensen met deze risicofactoren en het aansluitend behandelen van die risicofactoren, is nuttig 

gebleken in het voorkómen van hart, vaat- en nierziekten. De laatste tijd is duidelijk geworden 

dat ook andere factoren gerelateerd zijn aan een verhoogd risico op hart, vaat- en nierziekten, 

namelijk het C-reactief proteïne en albuminurie. De plaats van deze factoren is niet goed bekend. 

In dit proefschrift wordt de bijdrage van deze 2 factoren aan hart, vaat- en nierziekten, maar ook 

aan de sterfte onder de algemene bevolking, uiteengezet. 

Eigenlijk behoren we het C-reactief proteïne en albuminurie te beschouwen als risicomarkers, 

niet als risicofactoren. Een risicomarker ‘markeert’ of geeft de aanwezigheid van ziekte aan zonder 

dat er sprake is van een oorzakelijk verband tussen deze marker en ziekte (zoals koorts bij griep), 

terwijl van een risicofactor verondersteld wordt dat deze direct in het ziekteproces betrokken is 

(zoals roken bij aderverkalking).

Het C-reactief proteïne is een ontstekingseiwit, welke wordt geproduceerd door de lever. Het 

C-reactief is een gevoelige maat voor ontsteking. Recent is bekend geworden dat aderverkalking 

een ontstekingsziekte is, niet alleen een ophoping van cholesterol in de bloedvaten is. Het C-

reactief proteïne is een marker van aanwezige ontsteking van de bloedvaten, waarbij deze 

ontsteking leidt tot het vervroegde optreden van hartinfarcten, beroertes en sterfte onder de 

algemene bevolking, evenals tot het achteruitgaan van de nierfunctie. Albuminurie is het verlies 

van een minimale hoeveelheid eiwit (albumine) in de urine. Men veronderstelt dat albuminurie 

het gevolg is vaatschade van het gehele bloedvaatstelsel, welke tot uiting komt in de nier. De 

nier is namelijk een filter om het bloed te zuiveren: schade aan de bloedvaten in de nier leidt 

tot een verhoogde passage van albumine vanuit het bloed in de urine. In de urine wordt dan 
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een verhoogde concentratie gemeten van dit eiwit. Hoge bloeddruk, roken en diabetes kunnen 

allen schade aan de nier aanrichten en dus leiden tot een verhoogde kans op albuminurie. Een 

tweede concept is dat albuminurie het gevolg is van glomerulaire hyperfiltratie, een vorm van 

overbelasting van de nier. Onder invloed van intraglomerulaire hypertensie zal de glomerulaire 

filtratiesnelheid verhoogd zijn, en kan er albumineverlies in de urine ontstaan. Een dergelijke 

hyperfiltratie zal op den duur schadelijk zijn voor de glomerulus. Het zal uiteindelijk leiden tot 

een snellere achteruitgang van de nierfunctie.

Dit proefschrift belicht het C-reactief proteïne en albuminurie vanuit meerdere perspectieven: 

de relatie van beide markers ten opzichte van elkaar, ten opzichte van klassieke risicofactoren, 

ten opzichte van verschillende maten van eindorgaanschade (hart, vaat- en nierziekte) en ten 

opzichte van sterfte in de algemene populatie. Omdat beide markers ons iets vertellen over 

vaatschade, kunnen we op deze manier onderzoeken of ze onafhankelijk van elkaar iets toevoegen 

aan het cardiovasculaire risico. Uit dit proefschrift is gebleken dat de voorspellende waarde van 

beide risicomarkers onafhankelijk is van elkaar en van de bekende risicofactoren, indien we 

deze relaties betrekken op hart, vaat- en nierziekte en sterfte in de algemene populatie. De 

voorspellende waarde van het C-reactief proteïne, albuminurie en andere nieuwe risicomarkers 

en –factoren ten aanzien van hart, vaat- en nierziekte wordt uiteengezet in een overzicht van de 

literatuur. Tevens worden de farmacologische en niet-farmacologische interventiemogelijkheden 

besproken ten einde het C-reactief proteïne- en albuminuriegehalte te verlagen en daarmee het 

risico op ziekte te verminderen.

Dit proefschrift is onderdeel van de PREVEND studie, een bevolkingsonderzoek in de stad 

Groningen dat hoofdzakelijk het natuurlijke beloop van albuminurie ten aanzien van hart, vaat- 

en nierziekte onderzoekt.

In hoofdstuk 2 wordt de relatie tussen het C-reactief proteïne en klassieke risicofactoren voor 

hart- en vaatziekten voor mannen en vrouwen afzonderlijk bestudeerd. Uit de literatuur is bekend 

dat mannen een verhoogde kans op hart- en vaatziekten hebben ten opzichte van vrouwen, welke 

deels wordt verklaard door de hogere prevalentie of aanwezigheid van risicofactoren. De PREVEND 

studie laat echter zien dat het C-reactief proteïnegehalte bij vrouwen hoger is dan bij mannen. 

Roken en hogere leeftijd gaan bij mannen gepaard met een verhoogd C-reactief proteïne, terwijl 

vooral pilgebruik en overgewicht bij vrouwen gerelateerd blijken te zijn aan een verhoogd C-

reactief proteïne. Suikerziekte draagt zowel in mannen als vrouwen bij aan een verhoogd C-reactief 

proteïne. Dit zou kunnen betekenen dat risicofactoren bij mannen en vrouwen op een verschillende 

manier bijdragen aan het ontstaan van aderverkalking en uiteindelijk eindorgaanschade. Tevens 

werd de invloed van albuminurie op de relatie tussen risicofactoren en het C-reactief proteïne 
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onderzocht. Albuminurie bleek gerelateerd aan een verhoogd C-reactief proteïne, maar had 

geen enkele invloed op de relatie tussen klassieke risicofactoren en het C-reactief proteïne. 

Mechanistisch (pathofysiologisch) gezien zou dit kunnen betekenen dat risicofactoren op een 

verschillende manier bijdragen aan een verhoogd C-reactief proteïne, waarbij albuminurie, als 

een andere marker van vaatschade, niet betrokken lijkt te zijn bij de relatie tussen klassieke 

risicofactoren het C-reactief proteïne. In die zin zijn het C-reactief proteïne en albuminurie dus 

echt verschillende, los van elkaar staande, risicomarkers.

Bloeddruk is bij mensen met suikerziekte en hoge bloeddruk (hypertensie) sterk gerelateerd 

aan albuminurie. Ook andere risicofactoren die clusteren in het zogenaamde insulineresistenties

yndroom (hypertensie, overgewicht, hyperglycemie, hyperlipidemie) zijn in meer of mindere mate 

gerelateerd aan albuminurie. Uit de literatuur is gebleken dat de relatie tussen het C-reactief proteïne 

en albuminurie vrij zwak is. Dit is opvallend en contra-intuïtief, omdat tevens gesteld wordt dat 

beide entiteiten gevestigde markers zijn voor vaatschade. In hoofdstuk 3 hypothetiseren we dat 

een verhoogd C-reactief proteïne de relatie tussen bloeddruk en albuminurie versterkt. Het blijkt 

inderdaad dat mensen met hoge bloeddruk én een verhoogd C-reactief proteïne een sterk verhoogde 

kans hebben op albuminurie, veel hoger dan verwacht mag worden indien het onafhankelijke effect 

van beide bij elkaar wordt opgeteld (effect-modificatie of interactie). Pathofysiologisch gezien 

is dit een interessante bevinding. Op grond van deze bevinding hypothetiseren we dat dit het 

gevolg is van een gestoorde glomerulaire autoregulatie waarbij versterkte bloeddruktransmissie 

naar de glomerulus de kans op albuminurie verhoogd.

In hoofdstuk 4 onderzochten we het verband tussen het C-reactief proteïne en de nierfunctie, 

waarbij we zowel nagingen of C-reactief proteïne gerelateerd is aan een verlaagde nierfunctie 

als aan een verhoogde nierfunctie (hyperfiltratie). Mensen met een verhoogd C-reactief proteïne 

hadden een verhoogde kans op een verlaagde nierfunctie, onafhankelijk van klassieke (renale) 

risicofactoren en de aanwezigheid van albuminurie. Een verhoogd C-reactief proteïne was tevens 

gerelateerd aan hyperfiltratie, als maat voor vroege nierschade. Deze relatie werd echter verklaard 

door de aanwezigheid van overgewicht. Dit zou kunnen betekenen dat ontstekingsprocessen, 

welke zijn gerelateerd aan overgewicht, kunnen leiden tot een verslechtering van de nierfunctie 

op termijn. Ten tweede blijkt uit deze studie dat de relatie tussen het C-reactief proteïne en 

nierfunctieveranderingen onafhankelijk is van albuminurie. Waarschijnlijk zijn beide markers op 

een verschillende manier betrokken bij het ontstaan van nierschade. Omdat zowel het C-reactief 

proteïne en de nierfunctie op hetzelfde tijdstip gemeten zijn, kunnen we niets zeggen over een 

oorzaakgevolg relatie. Interessant is te weten of mensen met een verhoogd C-reactief proteïne 

aan het begin van de studie op een later tijdstip een snellere achteruitgang van de nierfunctie 

hebben doorgemaakt. Deze resultaten zullen nog volgen.
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In hoofdstuk 5 wordt de relatie tussen het C-reactief proteïne, albuminurie en de mate 

van eindorgaanschade onderzocht, te weten coronairlijden (i.e. aderverkalking van het hart), 

nierinsufficiëntie en perifeer vaatlijden (i.e. aderverkalking van de onderste ledematen). Het 

blijkt dat het C-reactief proteïne onafhankelijk van albuminurie bijdraagt aan de aanwezigheid 

van coronairlijden, nierinsufficiëntie en perifeer vaatlijden. Deze relaties zijn tevens onafhankelijk 

van klassieke risicofactoren. Albuminurie is ook gerelateerd aan coronairlijden, nierinsufficiëntie 

en perifeer vaatlijden, echter, de relatie tussen albuminurie enerzijds en nierinsufficiëntie en 

perifeer vaatlijden anderzijds wordt vooral verklaard door een verhoogde leeftijd. Met andere 

woorden, het C-reactief proteïne en albuminurie dragen op een verschillende manier bij aan 

eindorgaanschade. Prospectieve studies zijn nodig om te kijken of deze resultaten kunnen 

worden bevestigd.

In hoofdstuk 6 beschrijven we de onafhankelijke relatie tussen het C-reactief proteïne, 

albuminurie en cardiovasculaire sterfte en niet-cardiovasculaire sterfte (m.n. kwaadaardige 

nieuwvormingen). Interessant is dat beide markers een sterkere voorspellende waarde hebben 

dan sommige klassieke risicofactoren, waaronder hoge bloeddruk, suikerziekte en een verhoogde 

cholesterolwaarde. Uit deze studie blijkt tevens dat andere, ‘nieuwe’ risicofactoren gerelateerd zijn 

aan cardiovasculaire sterfte, waaronder een centrale vetverdeling (het ‘buikje’) en een verminderde 

nierfunctie. Dus, het C-reactief proteïne en albuminurie verhogen de kans op cardiovasculaire 

sterfte in de algemene populatie. Het C-reactief proteïne en albuminurie zijn ook gerelateerd 

aan niet-cardiovasculaire sterfte, vooral ten gevolge van kwaadaardige ziekten. Het C-reactief 

proteïne lijkt iets sterker gerelateerd te zijn aan niet-cardiovasculaire ziekte dan sterfte aan hart- 

en vaatziekten, terwijl dit voor albuminurie net andersom is. Albuminurie lijkt hierdoor meer 

specifiek voor het hart- en vaatstelsel dan het C-reactief proteïne. 

Het meten van het C-reactief proteïne en albuminurie uit het oogpunt van primaire preventie 

zou echt belangrijk kunnen zijn, als een bepaalde interventie verhoogde waarden van deze markers 

zou kunnen verlagen, en daarmee ook het risico op hart, vaat- en nierziekten. Vooral bij mensen 

met suikerziekte én albuminurie hebben verschillende medicamenteuze interventies niet alleen 

geleid tot een daling van de albuminurie, maar ook in een uitstellen van hart- en vaatziekten, en 

vooral ook van nierfalen. In de Verenigde Staten loopt op dit moment een interventieonderzoek 

met een cholesterol verlagend medicijn (statine) bij mensen met een verhoogde C-reactief 

proteïnewaarde, maar normale cholesterolwaarde. Uit deze studie zal blijken of farmacologische 

interventie bij mensen met een verhoogde C-reactief proteïnewaarde zinvol is ten aanzien 

van het terugdringen van cardiovasculaire morbiditeit en mortaliteit. In hoofdstuk 7 wordt de 

rol uiteengezet van andere ‘nieuwe’ risicomarkers en –factoren, zoals von Willebrand factor, 

leukocyt adhesiemoleculen, plasminogeen activator inhibitor-1 en anderen. Tevens worden 
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verschillende interventiemogelijkheden besproken die mogelijkerwijs van nut kunnen zijn in het 

modificeren van nieuwe risicofactoren, die hierboven kort zijn aangegeven, ten einde vroegtijdige 

cardiovasculaire sterfte en achteruitgang van de nierfunctie uit te stellen.

Slotwoord

Markers van premature hart, vaat- en nierziekte staan op het punt in de klinische praktijk toegepast 

te worden. Deze markers hebben een goed omschreven biologische rol en ze worden beschreven 

en onderzocht vanuit plausibele, pathofysiologische concepten in de vasculaire geneeskunde. 

Ondanks dat ze vooral zijn onderzocht in hun relatie met cardiovasculaire ziekte, hebben deze 

markers, waaronder het C-reactief proteïne en albuminurie mogelijk ook een voorspellende rol 

in het achteruitgaan van de nierfunctie in de algemene populatie. Toekomstige studies zullen 

gericht zijn op zowel hun voorspellende waarde ten aanzien van achteruitgang van de nierfunctie 

als hun rol ten aanzien van preventieve behandeling van cardiovasculaire en renale morbiditeit en 

mortaliteit in de algemene populatie.
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